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A floodplain is defined as the land area that adjoins 
a river, stream, or watercourse and that has a strong 
probability of flooding during a high water flow (Bhowmik 
and Demissie,1982}. Because the floodplains of.rivers are 
the most productive lands for agriculture and provide 
desirable locations for factories and other structures, man 
generally uses this land to·its fullest extent. The 
possibility of its being flooded is ignored until such a 
catastrophe occurs. The floodplain, however, is basically 
a conveyance channel for flood water. The river will 
occasionally overflow onto its floodplain and destroy the 
properties in its way. 
The need for fast and accurate evaluation of floodway 
characteristics, at a minimum cost, has become important 
because of the increased interest in floodplain information 
reports, floodplain zoning, local protection projects, and 
the effects of urbanization. It is also important for use 
in bridge waterway design and in the study of the 
alternatives for channel improvements. 
The main purpose of my research is to develop a 
comparative study of floodway analysis using a computer 
1 
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modeling technique. I have compared the performance of two 
computer models in the simulation of river flow. 
To make an accurate assessment of what the water 
surface profile will be during the passage of a flood wave 
one must have an adequate simulation using available models. 
Problem solvers are generally reluctant to devote 
sufficient time for learning how to use the computer model. 
Extreme care in the preparation of input data is not 
sufficient to assure reasonable results (Eichert, 1970). 
continual use, a good understanding of the procedures 
adopted in the programs, and a thorough review of 
intermediate answers are all needed to acquire proficiency 
in more complicated applications. 
The second objective of the study is to evaluate the 
sensitivity of two models to the main parameters involved 
in the stream-flow computation including the roughness 
factor, reach length, backwater effect, channel slope, 
friction-slope-averaging technique and floodplain geometry. 
A benchmark test is also performed for model comparison and 
for hardware performance. 
This study was conducted using HEC 2 and WSPRO, 
computer programs developed to calculate water surface 
profiles in natural or man-made channels and to consider 
the backwater effects caused by the presence of various 
obstructions in the floodplain, such as bridges, culverts, 
weirs, spur dikes, and relief structures. The main 
characteristics and special features of each model are 
compared. Actual field data from three sites in the state 
of Oklahoma are used for the application and sensitivity 
analyses. 
Computer runs are provided for each application as 
well as illustrations of floodplain shapes, bridge 




REVIEW OF LITERATURE AND HYDRAULIC BACKGROUND 
Almost all open-channel flows are both unsteady (depth 
varies with time at a point) and non-uniform (depth changes 
from point to point along the channel). Estimations of the 
flow rates or water levels at different times and locations 
in the channel can be obtained by the solution of the 
complete Saint-Venant equations. 
In the computation of flood flow, the water level is 
important because it will delineate the floodplain and 
determine the required height and other dimensions of 
hydraulic structures, such as bridges, culverts, levees, 
and overflow structures. The computation of velocity is 
also important because velocity determines the safety of 
structures, and affects scouring at bridge piers and the 
eroding of approach and exit sections of the bridge 
openings. 
In the solution of the energy equation for the flood 
flow a steady uniform flow is considered. The assumption 
of the steadiness is justified by the fact that at peak 
flows the discharge hydrograph flattens out and flow 
approximates steady conditions. Another assumption made in 
the evaluation of the friction losses is that Manning's 
4 
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equation for uniform flow applies to a gradually varied 
'flow. The uniformity of flow is evaluated by the degree 
that the water surface profile and the energy gradient are 
parallel to the streambed. In the computation, the uniform 
flow can be achieved by dividing channels into shorter 
reaches that are considered to have reasonably uniform flow 
between upstream and downstream cross sections. 
The computation of a gradually-varied flow-profile has 
been the subject of intensive study for some time. Attempts 
have been made to generalize the problem and to try to 
formulate a concept of how the geometric and physical 
factors affect the water surface profile in the open 
channel. 
standard Step Method 
The Standard Step Method, presented by Chow (1959) is 
used to determine the water surface profile by solving the 
energy equation in a series of sub-reaches. The total 
energy head at the upstream end of the reach must be equal 
to the total energy head at the downstream end plus any 
energy losses that occur along the sub-reach. In the 
solution of the energy equation the following assumptions 
are considered: 
1. Flow is steady; 
2. Flow is at the same regime at both ends of the cross 
sections (supercritical or subcritical). Flow must be 
critical at an end that serves as a control point; 
3. Slopes are small enough so that normal depth can be 
approximated vertically; 
4. Water surface does not vary across a cross section; 
5. All losses presented are adequately evaluated (such as 
friction losses, transition losses and bridge losses 




The distance between cross-sections, also known as the 
reach length,is determined by the hydraulic detail required 
and the financial resources available (French, 1985). This 
distance, therefore, is dependent upon the stream size, 
slope, uniformity of cross-sectional shape and the selected 
method for friction slope calculation. The reach length 
can vary from 200 ft for steep mountain streams to 0.5 to 2 
miles for large uniform streams with small slopes (Feldman, 
1981). A longer reach is always desired because of the 
high cost and the time required for the surveying needed to 
determine the hydraulic properties of cross sections. 
The type of study being performed also has an impact 
on reach-length determination. For example, navigation 
studies, which require information on local conditions 
during periods of minimum flow, require the shortest reach 
lengths. Longer reaches may be used if the profile is 
hydraulic type M2 and the average friction slope equation 
is used, or if the profile is type M2, and a harmonic mean 
7 
equation is used (Feldman, 1981). 
Transition curves 
Transition curves are formed not only in constricted 
sections of the channel, but also when flow passes from one 
reach into another that has different characteristics and 
different heights of normal depth lines. 
When the water level is changing in a channel carrying 
a subcritical flow, effects of these changes propagate back 
upstream. Various types of backwater curves for gradually 
varied flow are described by Chow (1959). Of the many ~ 
possible curves, those for subcritical flows on mild slopes 
are of the most concern because almost all natural streams 
carry subcritical flow, with only occasional stretches of 
supercritical condition. 
The M1 profile occurs when the steady flow in a. mildly 
sloping channel is checked by a downstream control that 
increases the water-surface profile above its normal depth 
(Vallentine, 1967). 
The M1 curve could be formed upstream of a dam or 
constrictions, such as a highway bridge or overflow 
structure that obstructs the floodplain. It can also be 
observed in a tributary that is flowing into a flooded main 
stream. Yet, the M1 curve is presented in the transition 
between a mild and a milder slope, or on a mild slope 
having the roughness factor of Manning's n changed to a 
high value. The M2 curve could be formed from a drop 
8 
structure located downstream, where the water surface drops 
below the critical depth line and the flow changes from the 
subcritical to the supercritical regime. This curve type is 
found also in the transition from a mild to a steeper slope, 
or in a mild slope that has a high roughness upstream and a 
low value in the downstream reach. 
For both ML and M2 profiles, it is convenient to fix 
the control section at the downstream end of the reach and 
to make computations in the upstream direction, because of 
the subcritical regime of the flow. For a long channel 
reach away from a control point, these curves would 
asymptotically approach to the normal depth line upstream. 
As adjacent subreaches are not identical in channel 
dimensions, roughness, or bed slope, the normal depth in 
each subreach is different. A natural water surface profile 
would be a series of curves that relate to the normal depth 
in each subreach. However, there is continuity in water 
surface profiles over the entire length of a stream. 
Friction Slope Evaluation 
Vallentine (1964) examined factors affecting the shape 
of the M4 type profile. Graphs showing the length of non-
dimensional M4 profiles in a rectangular channel provide a 
guide to the form of the profile and the manner in which it 
is affected by variations in channel form, roughness, and 
slope. They can be of use as approximate guidelines for 
preliminary design purposes, eliminating computations where 
9 
precise values are not required. Using these findings, Rao 
and Sridharan (1966) studied the nature of the nondimen-
sional M1 profiles considering several channel shapes. 
Vallentine (1967) demonstrated that a pattern of 
similarity exists for all M and s type profiles and that 
the non-dimensional form of these profiles depends on the 
normal-flow Froud number. 
Rao and Sridharan (1971) studied the effect of channel 
shape, roughness, slope, and Froude number on several types 
of profiles where profile lengths might be needed for 
different normal depths and downstream control depths. 
Tavener (1973) studied the variation of reach-lengths 
in the computation of the backwater effect using the 
standard step method, and compared the accuracy of the use 
of the hydraulic loss equations with particular types of 
water surface profiles. The standard of comparison was 
the profile obtained by dividing the channel into very 
short sub-reach lengths. This procedure would help 
minimize the differences between slopes of reach ends and, 
therefore, differences in the average slope to be used in 
the computation of the water surface profile. 
Tavener showed that a parabola with a vertical axis 
can be used to represent the hydraulic gradient at the 
ends of the reach under an M1 water surface profile. Under 
an M2 condition he found that a parabolic curve having a 
horizontal axis located below the water surface would 
better fit the shape of the total energy line. 
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Tavener stated that a significant improvement in 
accuracy is obtained if one takes into consideration the 
shape of the vertical profile of the energy line. He also 
found that the arithmetic mean of the reach-end friction 
slope was a suitable equation for evaluating the average 
friction slope under M1 type profiles. For the M2 type, he 
presented a new equation based on the harmonic mean of 
reach-end friction slopes. 
In his study, Tavener tried to define an allowable 
reach length for backwater computation based on the 
hydraulic characteristics of the starting section 
(downstream section for subcritical profile). He pointed 
out that a maximum reach length should be carefully selected 
to avoid a difference in the water surface greater than one 
foot. fn order to prevent such a situation an interpolated 
cross-section should be used. 
Reed and Wolfkill (1976) compared seven different 
energy gradient averaging techniques in direct step 
computations of gradually varied flow profiles with those 
determined by numerical quadrature using Simpson's method 
of short steps. Their study, including profiles type M1, 
M2, M3, S1, S2 and 53, was more comprehensive than 
Tavener's. 
A graphical representation of the results was produced 
showing the percent variation of each method in relation to 
the number of incremental steps. Figures showed all 
solutions converging to the same value as the number of 
11 
steps increased. The best method is selected by looking 
for the one which produces the lowest error for the single 
step computation of the entire reach. 
Reed and Wolfkill's conclusion agrees with Tavener's 
suggestion to use the arithmetic average of end-section 
energy slopes for M1 profiles and others such, as the 52 
profile, having approximately the same shape. For the 
convex-upward-type profiles such as M2 and 51, they 
confirmed tha.t Tavener' s proposed equation of the harmonic 
mean of the reach-end friction slope produced fewer errors. 
Chadderton and Miller (1980), proposed a new friction-
slope-averaging equation for the M2 profile based on the 
shape of the friction-slope curve. The equation is 
expressed as: 
( 1) 
where s:l!' is the representative average friction slope for 
the reach and 5:1!'1, 5:1!'2 are friction slopes at the reach-end 
cross sections. Coefficients C1 and C2 were derived 
assuming a parabolic and elliptical shape of the friction 
slope curve. When the restriction of gradually-varied flow 
is met, the equation gives more accurate results than the 
recommended harmonic equation. 
Laureson (1986) studied the application of four 
different methods to approximating the average slope in 
irregular channels; previous investigations had been 
conducted for a prismatic channel. For an irregular 
channel, the friction-slope line in a given reach was 
approximated by a third-degree polynomial, the simplest 
curve to fit different slopes at the reach ends. 
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Laureson ~oncluded, as previous authors had for 
prismatic channels, that the arithmetic mean of reach-end 
friction-slopes produces the lowest maximum error and that 
it is the safest and the best single method to be used. He 
suggested the use of this method and occasionally, the use 
of the geometric mean with a systematic selection of cross-
section location, as being an adequate procedure for 
minimizing errors in the computation of the water-surface 
profile. 
carrying Capacity of Floodplain 
The carrying capacity of floodplains depends upon many 
factors including size, shape, width, depth and nature of 
the flood zone, and the main stream. Bhowmik and Demissie 
(1982) studied the distribution of flow in the main channel 
and in the floodplains. They concluded that when the return 
period is about 40 years or more, the floodplain and the 
main channel appear to behave as a single unit carrying a 
proportionate share of the discharge. 
Sometimes the estimation of a flood elevation for an 
anticipated flood flow can be difficult because of 
different man-made restraints, such as obstructions that 
increase the flood-stage for a given return-period flow. 
Data on actual flood-flow are hard to obtain because 
usually the flood passes at a time when no one is around to 
measure the discharge and water levels. 
To compare the flow in a composite section one can 
use a number of techniques: 
a) Treat the entire cross section as a single unit and 
assume a single roughness value. 
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b) Treat the floodplain as a storage reservoir and the main 
channel as the conveying stream. 
c) Divide the floodplain and the main channel into two 
conveyance channels with uniform hydraulic properties 
where the roughness can be different. 
d) A combination of the above techniques (Chow 1959). 
Knight and Demetriou (1983) conducted laboratory 
experiments on discharge characteristics, the boundary 
shear stress, and boundary shear-force distribution in a 
complex cross-section comprising one rectangular main 
channel and two symmetrically disposed floodplains. This 
study was an attempt to understand better the many practical 
situations in which the natural cross-section is irregular 
in shape as, for example, in a river channel with a wide 
floodplain. Although the results of the experiments apply 
to the case of the floodplains having the same roughness of 
the main channel and being symmetrically disposed, they 
found that the apparent shear force acting on the vertical 
interface between the floodplain and main channel is 
strongly depth dependent. It also increases for situations 
in which the floodplain width is much larger than the width 
of the main channel. They also concluded that the ratio of 
14 
the total discharge in various sub-areas differs from that 
given by simple area ratios because of the retarding 
influences of the floodplains. 
standard methods for computing backwater at width 
constrictions of floodplains usually underestimate 
backwater values when the floodplain is wide and heavily 
vegetated (Schneider et al.,1977). The energy-loss term 
for the approach reach is computed using the average 
streamline length in the reach. In standard one-dimension-
al-step backwater procedures, the average streamline is 
approximated by the length of the approach reach. Thus a 
more accurate estimate of the average streamline length 
would improve the calculation of the energy loss in the 
approach section. 
Solution of the Energy Equation 
The total energy loss is computed as: 
Hor = h~ + h.., ( 2) 
where: Hor = total energy loss 
h~ = energy loss due to friction of 
boundaries of flow in the reach 
= s~ X L 
s~ = representative friction slope for a reach 
L = discharge weighted reach length 
h .. = eddy losses expressed in terms of change 
in the velocity head 
c = contraction/expansion coefficient 
hv1 1 hvz = velocity head at respective sections. 
Four alternative expressions are available for s~: 
a) Average Conveyance Equation 
Sfa = 
b) Average Friction-Slope Equation 
(S~1 + s~a) 
Sf1::> = 
2 
c) Geometric Mean Friction-Slope Equation 
Sfc = s~1 . s~z ) 1 / 2 
d) Harmonic Mean Friction Slope Equation 
(2 s~1 . s~z) 
s~1 + s~z 
where: Q1,Qz = flow at the ends of the channel 
reach 
= conveyance for cross sections 
at the ends of the reach 
s~1,S~z = Q/K at the respective sections. 
It should be noted that: 
(i) Since 1971, Equation 3 has been used in the HEC 2 
model as the default equation (Corps of Engineers, 
1982); 






prior to 1971, and is suitable for M1 profiles (Corps 
of Engineers, 1982); 
16 
(iii) Equation 5 is used as the default in the WSPRO model 
(FHWA, 1986); and 
(iv) Equation 6 is suitable for M2 profiles (Laureson, 
1986). 
The energy equation for a channel reach shown in 
Figure 1, can be expressed as: 
= water surface elevation at the 
( 7 ) 
upstream and downstream sections above a 
common datum 
hv1,hv2 = velocity head at the respective sections 
= aV2 /(2g) 
h~ + he = total energy loss as defined in Equation 2 
The steps in the solution of Equation 7 through 
subreaches are described below. 
1. Select a discharge for which the Water surface Profile 
(WSP) is to be determined. 
2. Obtain all necessary channel geometry and roughness 
information in the lateral, longitudinal, and vertical 
directions. Choose a distance between cross-sections 
and compute reach-length. 
3. Select a value for the Water surface Elevation (WSE), h2 
at the downstream section (control section) based on a 
starting condition. 






Total Energy Line 
water surtace. sw 
Datum 
Figure 1. Definition of Terms for the EnergY Equation 
h2 
velocity head, and alpha coefficient at the downstream 
section for the value of h2 selected in Step 3. 
5. Assume a WSE h1 for the upstream section. 
6. Compute corresponding area, conveyance, velocity head, 
and alpha values at the upstream section for the value 
of h1 assumed in step 5. 
7. Compute energy loss between sections 1 and 2. 
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8. Solve the energy equation for the reach, equating both 
sides of Equation 7. If the equation is balanced within 
an acceptable tolerance, go to step 11. 
9. Choose a new value for h1. 
10. Repeat Steps 5 through 8 until the energy equation is 
satisfactorily balanced. 
11. Select the channel length upstream. The value of h1 
at the upstream end of the first or previous reach is 
now used as a known value at the downstream end of the 
new reach. 
12. Repeat Steps 4 through 11 for each reach until the WSP 
of the entire reach has been computed. 
Velocity Head Coefficient 
Variations in velocity from point to point in a cross 
section are caused by numerous factors, including the 
channel roughness, non-uniformities in geometry, bends, and 
obstructions upstream (Davidian, 1984). 
The average velocity head V, in a cross-section is 
defined as the discharge-weighted mean of the velocity-
heads in its constituent subsections. The ratio of the 
true velocity head to the velocity head computed on the 




I Q (V2 /2g) dQ 
Q (V 2 /2g) 
v = mean velocity in a subsection 
19 
( 8) 
v = mean velocity in a cross section 
Q = total discharge 
g = acceleration due to gravity. 
Considering each of the subdivisions of the cross 
section having uniform velocity, the distribution of 
discharge can be represented by the distribution of 
conveyance. According to Davidian (1984), the equation is 
reduced to: 
I: (k3/aa) 
a = ( 9) 
K3/Aa 
where: k, K = subsection and total conveyances 
k = (1.486/n) a ra/3 
r = hydraulic radius 
a, A = subsection and total flow areas. 
Multiple Opening waterways 
Kindsvater and carter (1955), in a first comprehensive 
study of flow in channel constrictions, developed the 
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solution of a discharge equation for flow through a single 
opening. The backwater effect of single-opening 
constriction in open channels was studied by Tracy and 
Carter (1955). The backwater was defined as the difference 
in elevation between the normal and the constricted water-
surface profiles at a given approach section. The results 
of the experiments were presented in the form of a 
backwater ratio, which expressed the ratio of the backwater 
to the water-surface drop through the constriction. 
Subsequently, Liu, Bradley, and Plate (1957) studied 
the effect of many variables on the maximum backwater. 
Laboratory studies were conducted to describe the variation 
in backwater ratio related to variations in channel slope, 
channel roughness, Froude number, and contraction shape. 
They found that both channel shape and roughness can be 
eliminated as variables if the normal depth and the Froude 
number of the normal flow are used. 
The term, multiple-opening constriction, is associated 
with a series of independent, single-opening constrictions, 
each having distinct geometric and hydraulic 
characteristics. The method for computing backwater, in 
such a situation, requires the location of pseudo-
boundaries in the upstream and downstream sides of the 
constricted section so that it forms pseudo-channels 
flowing through each individual opening. 
Davidian et al. (1962) conducted laboratory 
experiments and analyses of flow patterns at constrictions 
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with two to seven openings. A method that considered each 
opening separately was developed for computing the 
discharge and predicting the maximum backwater caused by a 
constriction. It was concluded that the relation developed 
for the constriction having a single opening is valid for 
each opening of a multiple-opening constriction when the 
boundaries of the flow channel approaching each opening are 
established. 
In a wide valley, a large fraction of the flood can be 
flowing on the floodplain. The embankment of the valley 
crossing acts as a barrier and the overbank flow must move 
laterally to the bridge opening, and then back again to the 
valley. Laursen (1970) studied the bridge backwater in 
wide valleys with the river reach near the constricted 
valley divided into four zones: accretion, contraction, 
expansion, and abstraction. He analyzed the flow pattern 
in these regions and the interaction of flow between the 
main channel and the floodplain. 
Lee (1976) collected field data in single and multiple 
bridge openings to check the method of distribution 
described by Davidian et al. (1962). He found that the 
difference between the computed discharge and the measured 
discharge ranged between -20 and +6 percent for the two 
major sites studied. For the third site an error of +100 
percent was observed at one opening and that might be 
attributed to an incorrect location of the stagnation 
points at the approach section. The technique of 
determining the individual channel widths, their match 
sections, and the way to apportion the total flow through 
each opening is well described by Davidian et al. (1984). 
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The flow boundaries are located in direct proportion 
to the gross-flow areas of the openings on either sides of 
the embankment. The areas are computed on the basis of 
the depths corresponding to the water surface elevation at 
the downstream side of the embankment for the full-valley 
cross-section. The flow boundaries are then projected 
upstream and downstream of the embankments and they 
provide an adequate means of dividing the constriction 
into independent single-opening units. 
CHAPTER III 
DESCRIPTION OF THE MODELS 
Two computer programs were selected for the present 
study: HEC 2 and WSPRO. Micro-computer versions of the 
above models were used because they are generally the 
choice in the majority of government and private agencies. 
HEC 2 Model 
The HEC 2 computer program was developed by the 
Hydrologic Engineering Center to compute water surface 
elevations for specific discharges in natural or man-made 
channels to aid the u.s. Army corps of Engineers in the 
floodplain-management program (Feldman, 1981). The model 
uses the standard step method in the solution of the one 
dimensional energy equation with the energy loss due to 
friction evaluated by Manning's equation. 
The main application of HEC 2 has been in: 
a) determining inundated areas associated with various 
flood discharges for the assessment of damages; 
b) studying the effects of land use in the floodplain; 
c) comparing the benefits of various channel improvements 
in attenuating flood damages (French,1985). 
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Program Limitations 
The program is limited by the strictures of the 
standard step method discussed in Chapter II (pp. 5), and 
the following: 
1. Flow is steady (constant in time); 
2. Flow is gradually varied (hydrostatic distribution of 
pressure exists); 
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3. Flow is one-dimensional (velocity component only in the 
direction of the flow); 
4. River channel has small slope (So < 10 %) (Corps of 
Engineers, 1982); 
5. HEC 2 does not have the capability to determine the 
location of the hydraulic jump; 
6. HEC 2 cannot handle multiple bridge openings; 
7. HEC 2 cannot deal with movable boundaries (i.e. 
sediment transport); 
8. variations of Manning's n with water depth is applicable 
to the main channel only. 
Optional Capabilities 
Some of the capabilities available to the user are 
listed below: 
1. Can handle English or metric units; 
2. can perform multiple profile analysis (up to 14); 
3. can calculate both subcritical and supercritical flow 
profiles; 
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4. can consider the effects of obstructions such as bridges, 
culverts, weirs, and structures present in the 
floodplain; 
5. Can select output parameters; 
6. Can estimate average friction slope for a reach using 
one of four equations selected by the user; 
7. Can select an average friction-slope equation based on 
profile type and previous reach characteristics; 
8. Can handle ice-covered streams; 
9. Can compute bridge backwater at cross-sections located 
by channel constrictions rather than bridge openings. 
WSPRO Model 
The Water surface Profile model (WSPRO) was developed 
by the u.s. Geological Survey (USGS) for the Federal 
Highway Administration (FHWA). The program is based on the 
conventional step standard method. Reflecting the policy 
of the FHWA, WSPRO is designed for determining the impact 
of encroachment alternatives on the floodplain. It is 
equally suitable for water-surface-profile computations 
without regard to highway design (B.W.A.M., User's Manual, 
1986). 
The objectives of WSPRO are as follows: 
1. Compatibility with conventional techniques for step-
backwater analysis and incorporation of desirable 
features from existing methods; 
2. A more flexible data-input scheme, adequate for studying 
alternative design options with minimal data changes; 
3. Use of recent developments and methodology for 
computation of flow through bridges and embankments; 
4. Inclusion of a procedure for analyzing a multiple-
opening waterway crossing (Tyagi et al., 1988). 
Main Features 
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Basically, with a few exceptions, WSPRO has the same 
limitations listed for the HEC 2 program. The computation 
direction is the same as that used by HEC 2, upstream for 
subcritical flow and downstream for supercritical flow. 
Some of the capabilities of the model are: 
1. Has most of the input data in free format; 
2. Uses card types similar to those of HEC 2; 
3. Uses template cross-section to fabricate valley 
sections that are similar in shape; 
4. Initializes coefficients with adequate default values; 
5. Performs multiple profile analysis (up to 20 profiles); 
6. Handles up to 100 cross sections in a single job; 
7. Permits building of spur dikes in the model; 
8. Defines road grades by either horizontal coordinate 
or vertical curve data; 
9. Permits analysis of several alternative designs in a 
single job submission; 
10. Uses the average length of the approximate streamlines 
to compute friction losses immediately upstream from the 
bridge opening; 
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11. Has four equations available for estimation of friction 
slope; 
12. Uses the geometric mean slope equation as a default 
for the computation of the average friction slope. 
WSPRO has a simple and objective instruction process 
involving three parts: (a) an overview of the overall input 
data requirements regardless of data arrangement; (b) 
discussion of the typical data sequence without detailed 
discussion of each parameter; and (c) an overview of the 
model output. 
comparison of the Models 
The comparative study showed that the results obtained 
by both models agreed in the majority of the situations and 
that each model has particular features. 
The main advantages observed in HEC 2 are listed below. 
1. Effective flow option (confine flow to main channel only); 
2. Six methods of encroachment; 
3. Automatic performance of channel improvements; 
4. Interpolation of cross sections capability; 
5. computation of tributary stream profiles; 
6. Estimations of roughness coefficient by discharge 
elevation data; 
7. Global variation of roughness factor making calibration 
procedures easier; 
8. More detailed output ( up to 90 variables can be listed 
per cross-section); 
The main improvements of WSPRO are listed below. 
1. Handles multiple waterway openings; 
2. Minimizes the code of repetitive data; 
3. Skews angle for cross-sections that are not surveyed 
normal to the flow direction; 
4. Has a bridge modeling approach with a more realistic 
situation (no need of approximation to a trapezoidal 
area); 
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5. Has two methods for modeling the bridge: design mode and 
fixed geometry mode; 
6. Uses an effective flow length from the approach 
section to the bridge section, considering the average 
stream lines; 
7. Permits selection of the minimum conveyance as a 
representative conveyance for the subreaches in the 
vicinities of the bridge-opening section; 
8. can use vertical and horizontal variations of the 
roughness coefficient simultaneously; 
9. computes the friction losses in the vicinity of the 
bridge based on relatively recent developments in bridge 
backwater analysis, and recognizes the influence of 
bridge geometry variations; 
10. computes natural profile first making the evaluation of 
the total backwater easier; 
11. Produces computations that help trace intermediate 
program iterations; 
Although not a two-dimensional model, WSPRO's major 
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improvement is an efficient algorithm to analyze sections 
with multiple waterway openings; such sections are commonly 
found in wide floodplains. An iterative procedure is used 
to apportion the flow among the individual openings and to 
compute a water surface profile for each individual opening. 
The valley is divided into strips on the basis of stagnation 
points that are computed from the relative flow areas of 
adjacent openings. The discharge is apportioned on the 
basis of the flow area of the openings and conveyance of 
the floodplain. 
The WSPRO program includes the latest hydraulic 
researches in the computation of the head losses in the 
vicinities of the bridge and other special structures, 
considering also the geometry of the opening. WSPRO models 
the bridge in a simpler way than HEC 2 does and it is easy 
to learn and simple to use, which are important features 
always sought by users. Conversely, the Corps program has 
been widely used and one of its advantages is the 
capability to automatically interpolate cross-sections 
when limitations of change in the total conveyance are 
imposed. HEC 2 also has six options for channel 




The application of HEC 2 and WSPRO in the computation 
of the water surface profile for three sites in the state 
of Oklahoma is presented in this chapter. An attempt was 
made to select different sites with representative flood 
plain characteristics and stream sizes. The sites, named 
Site 1, Site 2, and Site 3, represent examples of a small, 
medium, and large stream and floodplain problems. 
The first objective is to illustrate the application 
of the models in the real case simulation, exemplify the 
preparation of the input deck, and present the output of 
results. A second objective is to obtain results from both 
models and compare the results of the sensitivity analysis 
as described in Chapter v. Computer configurations used to 
run the simulations are described in the Benchmark Tests 
in Chapter VI. 
Twin Spring Creek in Alfalfa County is the first site 
under study. The Industrial Bypass of Posey Creek in Tulsa 
county was selected as Site 2. Site 3 is located in the 
caney River at the intersection of US-75, south of 
Bartlesville in washington County. Geographical location 
of the sites is presented in Figure 2. 
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Site 1 - Twin Spring Creek 
Site 1 in Alfalfa County is referred as No. 16 by the 
Oklahoma Department of Transportation. It is an example of 
a small floodplain having a single bridge opening. For 
this site, simulations were performed for the 10, 25, 50 
and 100 years flood. Flow discharges for those recurrence 
intervals include 850, 1300, 1650, and 2100 cubic feet per 
second respectively. The slope of the river bed in the 
vicinity of the bridge is 4.6 feet per mile which is 
considered an average for mild slopes in the state of 
Oklahoma. 
A particular surveyed cross-section located at a 
Section Reference Distance (SRD) equal to zero was used to 
prepare the input deck. The valley was divided into seven 
strips and appropriate roughness coefficients given by 
Manning's n were assigned to each of them in an attempt to 
represent the friction factor as closely as possible to 
reality. The surveyed cross-section was propagated 
upstream at SRD equal to 45 ft to model the Full Valley 
Section, and at SRD equal to 127 ft to delineate the 
Approach Section. Station elevations were corrected in the 
propagation to reflect the actual slope of the site. 
A single opening bridge 45 ft long and 27 ft wide is 
presented. The bridge deck is at 1258 ft and the low chord 
elevation is at 1254.5 ft above mean sea level. The bridge 
has sloped embankments and sloped abutments without 
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wingwalls. A road grade was coded to allow computations of 
weir flow in case of overtopping of the bridge deck. 
Floodplain shapes at Exit and Bridge Sections can be 
seen in Figures 3 and 4. Model requirements for the 
location of cross sections for backwater computations are 
presented in Figure 5. Figure 6 shows the required 
parameters for the bridge modeling. Computer runs from 
HEC 2 and WSPRO can be found in Appendices A and B. 
Water surface elevations obtained from the simulations 
by both methods are summarized in Table 1. The maximum 
difference in the WSE computed by HEC 2 and WSPRO is 0.25 
ft, for the Q1oo flow discharge, corresponding to 2.7 
percent of the water depth. 
Site 2 - Posey creek 
The Industrial Bypass of Posey Creek is used in the 
application of the models to illustrate a medium-size site. 
Characteristics of floodplain shape, flow discharges, cross-
section locations, roughness factor, starting conditions 
and bridge geometry are described below. 
The floodplain geometry is an example of a uniform 
concave shape with the main stream appearing in the center. 
The constricted section has a single bridge opening. The 
slope of the river bed near the bridge site is 0.005427 
ft/ft or 28.6 ft/mi, characterizing a steep slope. 
Floodplain shapes are shown in Figures 7 and 8. 
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TABLE 1 
WATER SURFACE ELEVATIONS FOR SITE 1 
SECTION SRD WSE WSPRO WSE HEC 2 
(ft) (ft) (ft) 
• .Q'l.o = 850 cfs .. 
Exit• 
-135 1252.39 
Exit ...... 0 1252.50 
Bridge 45 1252.44 1252.53 
Approach 127 1252.83 1252.88 
•• Q25 = 1300 cfs .. 
Exit'"' -135 1253.32 
Exit""- 0 1253.45 
Bridge 45 1253.32 1253.41 
Approach 127 1254.02 1253.99 
· .Qso= 1650 cfs .. 
Exit• 
-135 1253.93 
Exit•• 0 1254.05 
Bridge 45 1253.86 1253.95 
Approach 127 1254.82 1254.72 
• • Q:~. 0 0 = 210 0 cfs .. 
Exit* -135 1254.58 
Exit"'"' 0 1254.70 
Bridge 45 1254.50 1254.51 
Approach 127 1255.88 1255.63 
Exit section for HEC 2 
"'"' Exit section for WSPRO 
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year recurrence interval flood with the magnitude of 10,900 
cubic feet per second. For WSPRO simulations, cross 
sections representing Exit, Full Valley and the Approach 
sections were located at section-reference-distances 0, 
100, and 651 ft, respectively. For the HEC 2 run the exit 
section was located at SRD equal to -so ft and the approach 
section at SRD equal to 505 ft to meet the model require-
ments. Values of the W.S.E. computed were propagated to 
the same location upstream for comparison purposes. Cross-
section locations for both models are shown in Figure 9. 
The valley was divided into three strips: main channel, 
the right, and left overbanks. A roughness coefficient was 
assigned to each division. The slope-conveyance method was 
selected for computing the initial elevation of the water 
surface at the Exit section. The slope of the energy grade 
line was estimated to be the same as that of the river bed. 
A single bridge opening, 551 ft long exists at this 
site. The total width is 32 ft and it has slope embankment 
and vertical abutments without wing walls. The bridge deck 
is at elevation 623.45 ft and the low chord is at 619.70 
ft. Values of 0.5 and 0.3 were used as expansion and 
contraction coefficients for the computation of transition 
losses near the bridge. Figure 10 illustrates the bridge 
parameters. The road grade was coded to permit computation 
of weir-flow when the water-surface elevation is higher 
than the embankment elevation. 






















Figure 7. Exit Section- Site 2 
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presented in Appendices A and B. Results obtained by both 
models are compared in Table 2. computed values of the WSE 
for the approach section are 620.49 ft. from the WSPRO 
simulation and 620.60 ft from the HEC 2 simulation. The 
difference of 0.11 ft represents less than 1% of the water 
depth. 
TABLE 2 
WATER SURFACE ELEVATIONS FOR SITE 2 
SECTION 





















Site 3 - Caney River 





The US-75 highway crossing of Caney River, south of 
Bartlesville, was selected to represent a wide floodplain 
site with a high peak discharge. The constricted section 
has three waterway openings: Main Bridge, overflow Structure 
1 (OF1), and overflow Structure 2 (OF2). This site was the 
locus of a 500-year flood in October, 1986, that caused 
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extensive flooding of Bartlesville. 
In this application I was particularly interested in 
evaluating the amount of backwater caused at the approach 
section by the constricted valley. The total backwater 
will be determined by subtracting the value of the WSE for 
the natural profile from that of the WSE for the bridge 
option. An extensive study of the 1986 flood in this 
particular site is presented by Tyagi (1988). 
The valley is two miles wide and the main stream is 
located in the left corner, looking upstream. A small dike 
was built by the owner of the land to retain the flow in 
the main channel during small floods. The overbank flow 
will occur only in the right side of the floodplain. 
Figures 11 and 12 show cross-section shapes. 
According to WSPRO recommendations for the bridge 
backwater computation, cross sections were located one 
bridge length downstream, at the bridge site, and one 
bridge length upstream to model as the Exit, Full Valley, 
and Approach sections. The slope of the river bed is equal 
to 0.0004 ft/ft or 2 ft/mi in the vicinity of the bridge. 
For the HEC 2 program, the locations of the cross-sections 
were based on the side constriction of the main channel. 
Figure 13 shows cross-section locations for both models. 
Flow discharges to be analyzed represent the 50-, 100-
and 500-year frequency in the Caney River. They correspond 
to 42,800, 51,400 and 108,000 cfs, respectively. The entire 
floodplain was divided into the main channel, and the left 
E [ 
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Figure 13. Cross section Locations - Site 3 
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and right overbanks. Initial values for the roughness 
coefficient were estimated on the bases of tables presented 
by Chow (1988) and illustrations from Barnes (1849). 
Computations were carried out upstream because of the sub-
critical flow pattern of the flood. The initial value of 
the WSE at the Exit Section was estimated by the models 
using the slope-conveyance method. The calibration 
procedure was performed based on the value of water level 
measured for 500-year flood by the Corps of Engineers 
(COE, 1987). 
The main bridge length is 542 feet. The low chord is 
at 668.23 ft above mean sea level at the south end of the 
bridge. The total bridge width including two road lanes is 
134 ft. The bridge has slope embankment and slope abutment. 
The main bridge is located at the left corner of the 
floodplain beginning at 17 ft from station zero. 
overflow Structure 1 begins at station 3,300 ft. It 
is 150 ft long, being the same type as the main bridge. The 
low chord is at level 656.00 ft. Overflow structure 2 is 
located at section 5,370 ft. The structure length is 180 
ft, and the low chord elevation is at 660 ft above mean sea 
level. Figure 13 shows the most important parameters of 
the main structure. No road grade was coded because 
overtopping did not occur. 
Computer runs from each model are presented in 
Appendices A and B. Results of the simulations showing 
values of the WSE, can be obtained from Table 3. Water 
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levels at the Approach Section computed by HEC 2 and WSPRO, 
for Qsoo, are 653.45 and 655.59 ft respectively. The 
difference of 2.14 ft represents 7 percent of the normal 
depth for the given flow. The water-surface profile 
computed in the absence of the bridge was generally 
consistent for the two models. The difference in the 
backwater observed at the approach section could be due to 
the bridge backwater computation, particularly for the 
multiple-opening condition. The HEC 2 program does not have 
procedures for splitting flow into multiple bridge openings 
and evaluating the backwater in such a situation. 
TABLE 3 
WATER SURFACE ELEVATIONS FOR SITE 3 
SECTION SRD WSE WSPRO WSE HEC 2 
(ft) (ft) (ft) 
. • Qso = 42,800 cfs .. 
Exit 0 648.22 649.09 
Bridge 542 648.62 649.34 
Approach 1218 649.72 650.03 
•. Q100 = 51,400 cfs .. 
Exit 0 648.81 649.72 
Bridge 542 649.20 649.83 
Approach 1218 650.60 650.87 
• • Qsoo= 108,000 cfs .. 
Exit 0 651.56 651.40 
Bridge 542 651.73 650.84 
Approach 1218 655.59 653.45 
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BRIDGE TYPE 3 
Figure 14. Main Bridge Modeling- Site 3 
CHAPTER V 
SENSITIVITY ANALYSIS 
A sensitivity analysis was performed to evaluate model 
sensitivity for main input parameters; to compare the 
results obtained by different models; and to determine 
model adequacy and suitability to solve engineering 
problems concerning river hydraulics. The results obtained 
from the computer simulations are given in this chapter and 
discussed in Chapter VII. 
Three sites were used in the sensitivity analysis. 
Site descriptions and computer runs using WSPRO and HEC 2 
were presented in Chapter IV. A summary of the main 
characteristics of the sites and values of interest for the 
sensitivity analysis is presented in Table 4. 
Five parameters were considered for the sensitivity 
analysis: (1) roughness factor; (2) reach length; (3) 
backwater effect; (4) channel slope; and (5) friction-slope 
averaging technique. The analysis was made for a single 
parameter at a time while the others remained unchanged. 
The sensitivity analysis for the roughness factor was 
performed for Sites 1, 2, and 3 using HEC 2 and WSPRO. 
Reach length and friction-slope technique were studied for 
Sites 1 and 3 using both models. Simulations to establish 
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TABLE 4 
SUMMARY OF SITE CHARACTERISTICS 










4)Flood plain width (ft) 
5)Channel slope (ft/mi) 
6)n channel 
7)n overbank 
8)Q used for Sens. Analysis 
9)Normal depth (ft)• 
10)Velocity at Appr.Sec.(fps)• 
11)Bridge length (ft) 
12)Velocity at bridge (fps)• 
13)0F1 length (ft)• 
14)Velocity at OF1 (fps)• 
15)0F2 length (ft)• 
16)Velocity at OF2 (fps)• 
17)Backw. appr. sect.(ft)• 




















































the backwater effect were made by WSPRO for all sites. The 
influence of channel slope was analyzed at Sites 1 and 3 
using WSPRO. Site 2 was ignored in the analysis of four 
variables because of the linear relationship found in the 
results with Sites 1 and 3. 
Roughness Factor 
The roughness factor is represented by Manning's 
coefficient n in the models. Friction losses are then 
estimated by Manning's equation. The objectives of the 
sensitivity analysis for Manning's coefficient are to 
(a) evaluate the importance of the accuracy in the 
determination of the coefficient; 
(b) compare the impact in the water surface profile caused 
by changes of +20 percent and -20 percent in the n 
values for the main channe~ and for the overbanks; and 
(c) compare site sensitivity based on flood plain shapes. 
The Approach Section was selected as the observation 
point because it is of the most interest when studying the 
maximum backwater caused by the bridge-constricted section. 
A total of 18 runs was made to conduct this analysis. 
The files' characteristics are described in Table 5. The 
base values for this analysis are described in the chapter, 
"Application." Values of the water-surface elevation 
and water depths at the Approach Section for the base run 
and for the variations in n coefficient are summarized in 
Table 6. Figures 15, 16, and 17 show the correlation 
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between changes in n values and water depths computed by 
HEC 2 and WSPRO, in a dimensionless form. 
TABLE 5 
INPUT FILES USED IN THE SENSITIVITY 
ANALYSIS FOR ROUGHNESS COEFFICIENT 
FILE DESCRIPTION 
HY7ALMN1 Base run - Site 1 WSPRO 
HY7ALMN2 N + 20 % - Site 1 WSPRO 
HY7ALM-2 N - 20 % - Site 1 WSPRO 
HY7POMN1 Base run - Site 2 WSPRO 
HY7POMN2 N + 20 % - Site 2 WSPRO 
HY7POM-2 N + 20 % - Site 2 WSPRO 
HY7CAMN1 Base run - Site 3 WSPRO 
HY7CAMN2 N + 20 % - Site 3 WSPRO 
HY7CAM-2 N + 20 % - Site 3 WSPRO 
HE2ALMN1 Base run - Site 1 HEC 2 
HE2ALMN2 N + 20 % - Site 1 HEC 2 
HE2ALM-2 N + 20 % - Site 1 HEC 2 
HE2POMN1 Base run - Site 2 HEC 2 
HE2POMN2 N + 20 % - Site 2 HEC 2 
HE2POM-2 N + 20 % - Site 2 HEC 2 
HE2CAMN1 Base run - Site 3 HEC 2 
HE2CAMN2 N + 20 % - Site 3 HEC 2 
HE2CAM-2 N + 20 % - Site 3 HEC 2 
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TABLE 6 
WATER SURFACE ELEVATION AT APPROACH SECTION 
FROM DIFFERENT ROUGHNESS COEFFICIENT 
ROUGH. WSPRO HEC 2 WSPRO HEC 2 WSPRO HEC 2 
COEFF. WSE WSE Depth Depth D/Do D/Do 
(n/no) (ft) (ft) (ft) (ft) (ft/ft) (ft/ft) 
T W I N s p R I N G C R E E K 
0.80 1255.46 1255.00 9.85 9.45 0.959 0.937 
1. 00 1255.88 1255.63 10.27 10.08 1.000 1.000 
1. 20 1256.29 1256.22 10.68 10.67 1. 040 1. 059 
p 0 S E Y C R E E K 
0.80 620.11 620.21 17.32 17.59 0.979 0.978 
1. 00 620.49 620.60 17.70 17.98 1.000 1. 000 
1. 20 620.87 620.95 18.08 18.33 1. 021 1. 019 
CAN N E Y R I V E R 
0.80 654.81 652.88 37.81 35.51 0.980 0.984 
1. 00 655.59 653.45 38.59 36.08 1.000 1. 000 





Q = 2,100 cfs 
0 
0 1.04 ti' 
...., 
J: 1.03 






L..J 0.99 0 




0 0.96 ~ 
0.95 
0.94 
0.8 0.9 1.1 1.2 
RATIO OF' w.NNING'S N (N/No) 
0 WSPRO + HEC 2 
Figure 15. Roughness Factor Analysis, Site 1 
1.06~-------------------------------------------------------, 











0.8 0.9 1.1 1.2 
RATIO OF' MANNING'S N (N/No) 
0 WSPRO + HEC 2 
Figure 16. Roughness Factor Analysis, Site 2 
55 
1.06 
1.05 Q = 108,000 cfs 
..... 


















I= 0.96 < a: 
0.95 
0.94 
0.8 0.9 1.1 1.~! 
RATIO Of" MANNING'S N (N/No) 
0 WSPRO + HEC 2 
Figure 17. Roughness Factor Analysis, Site 3 
56 
Reach Length 
A sensitivity analysis for reach length was developed 
to determine the maximum reach-length that will not affect 
the accuracy of the water surface profile computation, and 
to determine an ideal reach for use in computing the 
backwater effect. 
The location of cross-sections in the vicinity of the 
bridge is determined according to model requirements and 
reach-lengths cannot be arbitrarily selected. So, it was 
convenient to perform the analysis in the upstream side of 
the bridge only. Reaches equal to 200, 500, 1000, 2000, 
and 4000 feet were used to arrive 4000 feet upstream of the 
Approach Section in Twin Spring Creek. In caney River, 
Site 3, water surface elevations 10,000 feet upstream of 
the Approach section were computed with reaches equal to 
200, 500, 1000, 2500, and 5000 feet. 
Results of the simulations showing WSE and depth of 
water are presented in Tables 7 and 8. Figure 18 
illustrates the water-surface profile for the last 300 feet 
for Site 1 as obtained by the WSPRO run. Figures 19 and 20 
show the water-surface profiles computed by both models for 
Caney River. 
Backwater Effect 
The objective of this section is to compute the 
backwater effect upstream of the bridge. The backwater 
TABLE 7 
WATER SURFACE ELEVATION AT 4000 FT UPSTREAM OF THE 
APPROACH SECTION FOR SEVERAL REACH LENGTHS - SITE 1 
** HEC 2 ** ** WSPRO ** 
Reach WSE DEPTH WSE DEPTH 
Length (ft) (ft) (ft) (ft) 
200 1258.28 9.21 1258.38 9.25 
500 1258.28 9 .. 21 1258.34 9.21 
1000 1258.29 9.22 1258.36 9.23 
2000 1258.28 9.21 1258.33 9.20 
4000 1258.27 9.20 1258.33 9.20 
TABLE 8 
WATER SURFACE ELEVATION AT 10000 FT UPSTREAM OF THE 
APPROACH SECTION FOR SEVERAL REACH LENGTHS - SITE 3 
** HEC 2 ** ** WSPRO ** 
Reach WSE DEPTH WSE DEPTH 
Length (ft) (ft) (ft) (ft) 
200 653.40 32.40 653.48 32.48 
500 653.40 32.40 653.47 32.47 
1000 653.40 32.40 653.46 32.46 
2500 653.39 32.39 653.45 32.45 
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Figure 18. Reach Length Analysis, Site 1-WSPRO 
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caused by the constricted section may be understood as the 
difference between the water-surface with the bridge and 
without any bridge or road embankment. The procedure 
requires the propagation of computations upstream until the 
water-surface elevation drops to a normal depth. This 
condition is achieved when the difference in water-depth 
between two consecutive sections remains small, say one 
percent. 
Computations began at the Approach Section with values 
for the starting WSE obtained by the bridge backwater 
computation. Figure 21 illustrates the extension of the 
backwater upstream of the Approach Section; it is shown as 
distance Lo. Using the WSPRO program, computer simulations 
were performed for the three sites under study. 
The reach-length used in the computation of Site 1, 
Twin Spring creek, was 200 ft. Computations were carried 
up to 10,000 feet (1.9 mi) upstream. In Site 2, Posey creek, 
a 100-foot reach was adopted. For Site 3, Caney River, a 
5,000-foot reach-length was used and computations were 
propagated to 50,000 feet (9.5 mi) upstream. 
Results of computations for each site are listed in 
Tables 9, 10, and 11. Figures 22 and 23 illustrate backwater 
profiles for Site 1 for the 100-year flood and the natural 
profile that would exist if there was no road obstructing 
the flood plain. M1 curves for Site 2 are presented in 
Figures 24 and 25. Figures 26 and 27 show the M1 curve 



















WATER LEVELS DUE TO BACKWATER EFFECT - SITE 1 
SRD Distances WSE Depth Delta D 
(ft) (mi) (ft) (ft) (Dn/Dn-1) 
127 0.00 1255.88 10.27 
327 0.04 1255.97 10.18 0.84 
527 0.08 1256.06 10.10 0.85 
727 0.11 1256.16 10.02 0.76 
927 0.15 1256.27 9.96 0.66 
1127 0.19 1256.38 9.89 0.67 
1327 0.23 1256.49 9.82 0.67 
1527 0.27 1256.61 9.77 0.57 
1727 0.30 1256.74 9.72 0.47 
1927 0.34 1256.86 9.67 0.58 
2127 0.38 1257.00 9.63 0.37 
2327 0.42 1257.13 9.58 0.48 
2527 0.45 1257.27 9.55 0.38 
2727 0.49 1257.42 9.52 0.27 
2927 0.53 1257.56 9.49 0.38 
3127 0.57 1257.71 9.46 0.27 
3327 0.61 1257.87 9.44 0.17 
3527 0.64 1258.02 9.42 0.28 
3727 0.68 1258.18 9.40 0.17 
3927 0.72 1258.34 . 9.39 0.17 
4127 0.76 1258.50 9.37 0.17 
4327 0.80 1258.66 9.35 0.17 
4527 0.83 1258.83 9.35 0.06 
4727 0.87 1258.99 9.33 0.17 
4927 0.91 1259.16 9.33 0.06 
5127 0.95 1259.33 9.32 0.06 
5327 0.98 1259.49 9.30 0.17 
5527 1.02 1259.66 9.30 0.06 
a from the approach section 
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TABLE 10 
WATER LEVELS DUE TO BACKWATER EFFECT - SITE 2 
SRD Distance"" WSE Depth Delta D 
(ft} (mi} (ft) (ft) (Dn/Dn-1) 
651 0.00 620.49 17.70 
751 0.02 620.76 17.43 1. 565 
851 0.04 621.12 17.24 1. 059 
951 0.06 621.54 17.12 0.717 
1051 0.08 622.02 17.06 0.368 
1151 0.09 622.52 17.02 0.251 
1251 0.11 623.05 17.00 0.075 
1351 0.13 623.59 17.00 0.016 
1451 0.15 624.13 17.00 0.016 
1551 0.17 624.67 17.00 0.016 
1651 0.19 625~21 16.99 0.016 
1751 0.21 625.76 17.00 0.043 
1851 0.23 626.30 17.00 0.016 
1951 0.25 626.84 16. 99 . 0.016 
2051 0.27 627.39 17.00 0.043 
2151 0.28 627.93 17.00 0.016 
2251 0.30 628.47 17.00 0.016 
2351 0.32 629.01 16.99 0.016 
2451 0.34 629.56 17.00 0.043 
"" from the approach section 
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TABLE 11 
WATER LEVELS DUE TO BACKWATER EFFECT - SITE 3 
SRD Distance ... WSE Depth Delta D 
(ft) ( mi) (ft) (ft) (Dn/Dn-1) 
1218 0.10 655.59 38.59 
5000 0.82 655.73 37.22 3.68 
10000 1. 77 656.01 35.50 4.85 
15000 2.71 656.51 34.00 4.41 
20000 3.66 657.33 32.82 3.60 
25000 4.61 658.60 32.09 2.27 
30000 5.55 660.25 31.74 1.10 
• 35000 6.50 662.12 31.61 0.41 
40000 7.45 664.07 31.56 0.16 
45000 8.39 666.06 31.55 0.03 
50000 9.34 668.06 31.55 0.00 
55000 10.29 670.06 31.55 0.00 
.,. from the approach section 
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The purpose of this analysis is to correlate the total 
backwater at the Approach Section with the channel bed-
slope. The natural bed-slope was pivoted at the bridge 
section to generate new slopes equal to two and half of the 
original slope. 
The present analysis was performed for Sites 1 and 3 
using the WSPRO model. Figures 28 and 29 illustrate 
variations imposed in the natural profile of each site. For 
Site 1, the decreased slope caused the development of 
pressure flow, with the water elevation hitting the bridge 
span. Road-grade data were removed and Qso was used to 
avoid the pressure flow and to prevent weir flow over the 
banks, conditions that are not desirable for the purposes 
of this analysis. 
Table 12 presents the correlation between channel 
slope and water-depth in a dimensionless form for Site 1. 
Figure 30 depicts the results of the correlation shown in 
Table 12. Table 13 and Figure 31 show results for Site 3. 
Friction-Slope-Averaging Technique 
A sensitivity analysis for the friction-slope-
averaging technique was developed to determine the 
influence of different friction-loss equations on the 
water-surface elevation. Four equations are available in 
TABLE 12 
WATER SURFACE ELEVATION AT APPROACH SECTION 
FOR DIFFERENT CHANNEL SLOPES - SITE 1 
Channel WSE Depth 
Slope S/SO (ft) (ft) D/Do 
0.00044 0.50 1255.75 10.17 1.104 
o.ooo88• 1. 00 1254.82 9.21 1.000 
0.00200 2.27 1254.16 8.46 0.919 
.. actual slope 
TABLE 13 
WATER SURFACE ELEVATION AT APPROACH SECTION 
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73 
HEC 2 and WSPRO for computing the friction losses between 
cross-sections. They are described in detail in Chapter 
II, page 15. The user may select a specific equation to be 
used in the simulation or he may use the default equation 
set by each model. This analysis was made in Sites 1 and 3 
using all four equations available in both models. 
Tables 14 and 15 show the variations in water levels 
at the Approach Section that result from the use of 
different friction-loss equations. 
TABLE 14 
WATER SURFACE ELEVATION AT APPROACH SECTION USING 
DIFFERENT FRICTION LOSS EQUATIONS - SITE 1 
METHOD HEC 2 Diff.a WSPRO 
{ft) (%) (ft) 
Average Conveyanceb 1255.63 0 1255.88 
Aver. Frict. Slope 1256.19 5.6 1255.88 
Geometric mean F.s.c 1255.77 1.4 1255.88 
Harmonic mean F.S. 1255.56 -0.7 1255.88 
Model select 1255.68 0.5 NAd. 
a water depth relative to default equation 
b default equation for HEC 2 
c default equation for WSPRO 








WATER SURFACE ELEVATION AT APPROACH SECTION USING 
DIFFERENT FRICTION LOSS EQUATIONS - SITE 3 
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METHOD HEC 2 Diff."' WSPRO Diff. 
(ft) (%) 
Average Conveyanceb 653.36 0 
Aver. Frict. Slope 653.82 1.3 
Geometric mean F.s.c 653.45 0.2 
Harmonic mean F.S. 653.34 -0.1 
Model select 653.40 0.1 
a water depth relative to default equation 
b default equation for HEC 2 
c default equation for WSPRO 









Benchmark tests were performed to compare the 
efficiency of HEC 2 and WSPRO to run the same application; 
and to evaluate the hardware performances in processing the 
same simulation. The files used in the benchmark test with 
a description of the number of profiles, number of cross-
sections, and type of analysis performed are described in 
Table 16. The micro-computers' hardware configurations are 
listed in Table 17. 
Variables of interest for model comparison are input 
and output file sizes and computer run-time. Two problems 
were simulated for each site. The modeling technique was 
adapted according to particular features of each model. 
For example, problem CABM1 was partially modeled in a HEC 2 
run because this model is limited to the analyzing of a 
single bridge opening. 
Two types of computers were used to run the test for 
model comparison: an IBM PC and a PC-AT. They are listed 
as machines Band c in Table 17. Results of this analysis 
are presented in Tables 18 and 19. It is noted that input 
files for WSPRO are smaller than those for HEC 2. This 
reflects the effort spent in the preparation of input 
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parameters required by each model. 
output files generated by WSPRO are slightly smaller 
than those from HEC 2 except when processing multiple-
bridge-openings. In that case many iterations are 
performed by WSPRO to balance the WSE at the Approach 
section and the model outputs those intermediate 
computations. Another point to be considered is the fact 
that HEC 2 plots the water-surface profile for the entire 
reach under standard conditions. 
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A knowledge of the size of output files from selected 
applications may help in the estimation of the total 
storage capacity required to develop the project. For 
example, to run a problem similar to CABM2 (See description 
in Table 18), one double-density soft-sectored floppy disk 
is needed to store a maximum of three output simulations. 
Along with storage requirements it is helpful to compare 
the run-time of the models. 
The run-time of HEC 2 is generally shorter than 
WSPRO's, as can be seen in Tables 18 and 19. This 
difference reduces when using AT machines with hard-disk 
drives. Besides the advantage of a faster micro-processor 
chip, less time is spent in retrieving information from 
auxiliary storage devices such as the hard drive. HEC 2 
and WSPRO run-times ranged from two to five times as fast 
in the XT machines and between one-and-a-half and three-and-
a-half times as fast in the AT micro-computers. 
The second analysis performed was intended to evaluate 
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the performance of several hardware configurations in 
solving selected WSPRO applications. Four additional IBM 
files from Tyagi et al. (1988) were used in this test. Two 
PCs, one with a mathematical co-processor and another 
without, and Two PC-ATs, a PS-2 Model 50 and an Executive-
At-Turbo were used for this test. Simulations for hardware 
performance were conducted with WSPRO files only. Results 
obtained are presented in Table 20. A discussion of this 
analysis is included in Chapter VII. 
TABLE 16 
INPUT FILES FOR BENCHMARK TEST 
File Site/ # of # of Cross Analysis 
Procedure Profiles Sections Performed 
REDFOX WORKSHOP 1 5 4 p 
EX 2 WORKSHOP 3 5 4 B 
EX 4 WORKSHOP 4 5 5 B,R 
STEEP WORKSHOP 5 4 7 p 
ALBM1 SITE 1 4 4 B, 
POBM1 SITE 2 2 4 B, 
CABM1 SITE 3 3 4 M 
ALBM2 SITE 1 1 40 p 
POBM2 SITE 2 1 26 p 
CABM2 SITE 3 1 50 p 
Legend: 
P - Propagation of the WSE upstream or downstream 
B Bridge backwater computation 
R Road grade included for weir computation 
M Multiple opening situation with main bridge and 





HARDWARE CONFIGURATION OF MICRO-COMPUTERS 
Reference A B c D 
Model IBM-PC IBM-PC Executive IBM PS/2-50 
Microprocessor I-8086 I-8086 I-80286 I-80286 
Math/co-proc. I-8087 I-80287 I-80287 
Speed (Mhz) 4.78 4.78 10 10 
RAM memory(Kb) 640 640 1Mb 1Mb 
Hard disk (Mb) 20 20 
Performance"' 1.0 1.0 9.0 10.3 
"'based on the SI Test from Norton Utilities 
TABLE 18 
BENCHMARK TEST FOR MODEL COMPARISON - COMPUTER B 
File ** HEC2 ** ** WSPRO ** 
Input Output Time Input output Time 
( Kb) (Kb) (min) (Kb) ( Kb) (min) 
ALBMl 3627 29204 4.5 842 20918 6.0 
POBMl 4177 31290 4.0 1959 22258 10.0 
CABMl 2892 38551 4.6 1807 61234 16.0 
ALBM2 4105 86693 11.0 1434 82615 6.0 
POBM2 5746 69384 9.0 1460 60716 4.2 
CABM2 4830 107487 9.0 1857 105721 6.7 
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TABLE 19 
BENCHMARK TEST FOR MODEL COMPARISON - COMPUTER C 
File ** HEC2 ** ** WSPRO ** 
Input output Time Input Output Time 
(Kb) ( Kb) (min) ( Kb) (Kb) (min) 
ALBM1 3627 29204 0.7 842 20918 1.5 
POBM1 4177 31290 0.6 1959 22258 3.0 
CABM1 2892 38551 0.8 1807 61234 3.5 
ALBM2 4105 86693 0.8 1434 82615 1.1 
POBM2 5746 69384 0.8 1460 60716 0.8 
CABM2 4830 107487 1.0 1857 105721 1.3 
TABLE 20 
BENCHMARK TEST FOR HARDWARE PERFORMANCE 
File Input output Run Time (min) 
(Kb) (Kb) comp.A Comp.B comp.C comp.D 
REDFOX 1664 16035 9.0 3.0 0.8 0.7 
EX 2 1214 23270 35.0 9.0 0.5 0.5 
EX 4 1303 26457 42.0 10.0 0.6 0.9 
STEEP 2125 26600 19.0 5.0 1.1 1.1 
ALBM1 842 20918 22.0 6.0 1.5 1.3 
POBM1 1959 22258 32.0 10.0 3.0 2.0 
CABM1 1807 61234 39.0 16.0 3.5 2.5 
ALBM2 1434 82615 14.1 6.0 1.1 1.3 
POBM2 1460 60716 8.0 4.2 0.8 1.0 
CABM2 1857 105721 11.0 6.7 1.3 1.5 
CHAPTER VII 
DISCUSSION 
In this chapter the results presented in Chapters v 
and VI are discussed. A summary of the parameters studied 
as well as the model used to run the simulations is shown 
in Table 21. 
TABLE 21 
PARAMETERS STUDIED IN THE SENSITIVITY ANALYSIS 
Parameter ** Model Used ** 
WSPRO HEC 2 
Sites ---> 1 2 3 1 2 3 
Roughness Factor n X X X X X X 
Reach Length X X X X 
Backwater Effect X X X 
Channel Slope X X 
Friction Slope Av. Tech. X X X X 
Benchmark Tests X X X X X X 
Roughness Factor 
A comparison of the results obtained by HEC 2 and 
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WSPRO for each site is considered based on the values of 
the water-surface elevation at the Approach section 
presented in Table 6 and illustrated in Figures 15, 16, 
and 17. Water depths (D) were measured from the bottom of 
the main channel . 
WSPRO results from Twin Spring Creek, Site 1 showed a 
4.1 percent decrease in the WSE when the roughness reduced 
by 20 percent and a 4 percent increase in the WSE for a 20 
percent increase in the n value. HEC 2 results for the 
same site showed 6.3 percent decrease and 5.9 percent 
increase in the water-surface elevations for the same 
variations imposed to n values. 
For Site 2, Posey Creek, results from both models were 
close, differing by only 0.2 percent. For this site, the 
water-surface elevation at the Approach Section varied an 
average of 2 percent for the variation of 20 percent 
imposed to the roughness coefficient. 
WSPRO's result for Caney River, Site 3, presented a 2 
percent variation in the WSE for the correspondent 
variations inn values. HEC 2 results showed differences 
in the WSE to the order of 1.6 percent. The above results 
are grouped together in Figures 32 and 33, showing the 
impact of the coefficient considering small, medium, and 
large discharge values. It is observed that the low 
discharge is more sensitive to coefficient n. The flow 
area in these sites is considerably smaller than in those 











0.8 0.9 1.1 1.2 
RATIO OF MANNING'S N (N/No) 
0 TWIN SPRING + POSEY o CANEY 





........ 1.04 0 
-J: 1.03 
() 
c3 1.02 0:: 
a. 








1- 0.98 ~ 
Ll.. 0.97 
0 
0 0.96 ~ 
0:: 0.95 
0.94 
0.8 0.9 1. 1 1.2 
RATIO OF MANNING'S N (N/No) 
o TWIN SPRING + POSEY o CANEY 
Figure 33. Impact of Roughness Factor by HEC 2 
capacity, making them less sensitive to the roughness 
factor. 
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HEC 2 results presented in Figure 33 are more 
dispersed than WSPRO's showed in Figure 32, leading to the 
conclusion that the HEC 2 model is more sensitive for the 
roughness factor. In summary the following was observed. 
(1) A small site with low Q is more sensitive to the 
roughness coefficient and a more accurate evaluation of 
this parameter is required. Therefore, more data are 
needed to calibrate the application; 
(2) Underestimation of n value is worse than overestimation; 
(3) The HEC 2 model is slightly more sensitive to the 
roughness factor than WSPRO. 
Reach-Length 
The main points observed in the sensitivity analysis 
for reach-length, extracted from Tables 7 and 8, and 
illustrated in Figures 18 to 20, are listed below: 
(1) The reach length variation has only a minor influence 
on the water-surface elevation of cross-sections when 
the hydraulic characteristics of the floodplain do not 
change much and the slope is small. 
(2) water-depths computed with 200-, 500-, 1000-, 2000- and 
4000-foot reach-lengths for Site 1, Twin Spring Creek, 
vary little; they present a maximum difference equal to 
0.05 foot from WSPRO runs and equal to 0.02 foot from 
HEC 2 runs. 
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(3) In Caney River, Site 3, the water-surface elevation 
computations using several reach-lengths differed by a 
maximum of 0.04 foot from WSPRO runs and by 0.02 foot 
from HEC 2 runs. 
(4) The difference in the WSE computed using several reach-
lengths is dependent on the starting WSE adopted at the 
downstream section (for sub-critical flow computation). 
This fact is illustrated in Figures 34 and 35. 
(5) The WSPRO model is more sensitive than HEC 2 to the 
reach-length parameter. 
(6) Results for Site 3 presented in Figure 20 suggest that 
a 1,000-foot reach was the best value to use because it 
produced the same water elevations compared to 
computations using 500- and 200-foot reach-lengths. 
Backwater Effect 
Results of the backwater analysis show M1 shaped 
curves generated by the WSPRO model for each site. Figures 
22, 24, and 26 show the river bed, natural profile and 
backwater profile for each site. Figures 23, 25 and 27 
present a detailed view of the M1 curve and its limits of 
influence. Tables 9, 10, and 11 give the values of water 
depths used to generate the above figures. 
Site 1, Twin Spring Creek, provided the best defined 
M1 curve with more than 20 points plotted before 
convergence. The backwater effect extended to one mile 
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Figure 35. Upstream Versus Downstream WSE, Site 3 
foot was computed representing 11 percent of the normal 
depth, which was found to be 9.30 feet for the Q1oo flow. 
The study of Site 2, Posey creek, presented a less 
defined M1 curve than that generated for Sites 1 and 3. 
Computations covered a 100-foot reach-length in order 
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to generate a satisfactory number of points. Convergence 
to normal depth was readily obtained at a distance of 0.11 
miles (580 feet) upstream of the Approach Section. The 
water depth at this section for the Q1oo flow was computed 
as 17.70 feet and compared to a normal the depth of 17.00 
feet; it represents a backwater equal to four percent of 
the normal depth. 
For the caney River, Site 3, convergence to the normal 
depth was obtained at 7.35 miles upstream of the Approach 
Section. The M1 generated curve showed eight points before 
convergence. The normal water depth was determined as 
31.55 feet. The depth of water due to the bridge backwater 
effect was 35.59 feet. The backwater of 3.78 feet 
represents 12 percent of the normal depth. 
Figure 36 shows a dimensionless analysis of the 
backwater effect for Sites 1, 2, an,d 3. It correlates the 
ratio of the backwater extension (L/Lo) to the ratio of the 
water depth times the ratio between bridge length and the 
floodplain width. The dimensionless parameter introduced 
for the Y axis is directly related to the amount of flow 
under consideration. This was useful in analyzing the 








.. 1 . .3 
........ 
~ 1.2 









0 0.6 c 
I 0.5 c 
..._, 
0.4 




0 0.2 0.4 0.6 0.8 
DISTANCE (L/Lo) 
Figure 36. Backwater Analysis, Sites 1, 2, and 3 
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Channel Slope 
A correlation between channel bed slope and water 
depth at the Approach section was established in Tables 12 
and 13 and is illustrated in Figures 30 and 31. For Site 
1, a slope 50 percent smaller caused a 10 percent increase 
in the water depth at the Approach section. A slope 127 
percent greater produced an 8 percent drop in the water 
elevation. 
Results from the caney River, Site 3, showed that when 
the natural slope is changed to 50 percent less, the water 
depth increases by 1.8 percent. When it is increased by 
150 percent, the water depth decreases 1.9 percent. 
summarizing, it was noted that the impact of the 
channel slope is greater when it decreases than when it 
increases. This can be attributed primarily to the 
pressure-flow situation occurring as a consequence of the 
rise in the water levels. For Site 1, the road grade was 
removed and a Qso was used in a tentative effort to 
eliminate this problem. Flow type 3, representing pressure 
and weir conditions, was still obtained, however. This 
fact was not observed in the base run for the normal slope. 
In the caney River site, flow type 1 was checked for all 
slopes. 
A comparison of the results from both sites is shown 
in Figure 37. It is observed that a larger discharge, and 
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Figure 37. Impact of Channel Slope, Sites 1 and 3 
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slope parameter. This phenomenon may occur because a large 
floodplain has more buffer capacity to retain the excess 
flow caused by water-depth fluctuations. 
Friction-Slope-Averaging Technique 
From the results obtained in this analysis, presented 
in Tables 14 and 15, it is noted that the selection of the 
friction-loss equation has a minor influence on the computed 
values of the water-surface elevation. 
Results for Twin Spring Creek, Site 1, from the HEC 2 
run, produced a maximum difference of 0.56 feet 
corresponding to 6.1 percent of the water depth, measured 
from the bottom of the main channel. WSPRO simulations 
generated the same WSE regardless of the equations used. 
This can be attributed to a particular WSPRO feature, the 
use of the geometric mean of conveyances for the bridge 
backwater computation no matter which equation is selected. 
Also, this site has a relatively short reach with a total 
length of 127 feet from the Exit to the Approach Sections. 
Results for the Caney River, Site 3, showed a maximum 
difference of 0.39 feet in the WSE computed by different 
equations using the HEC 2 model and corresponding to 1.2 
percent of the normal depth. Almost no difference was 
obtained by WSPRO's computation for the same reasons given 
above for Site 1. 
Results obtained from HEC 2 runs agreed with Laureson 
(1986), who ranked the four equations by their relative 
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magnitudes in computing the average friction slope. He 
concluded analytically and proved experimentally, using 
simulations with the HEC 2 program, the following relation: 
A(Sl,S2) > G(Sl,S2) > Sk > H{S1,S2) where: 
A(Sl,S2) = Arithmetic means of reach-end fric. slopes 
G(S1,S2) = Geometric II II II II II 
H(Sl,S2) = Harmonic II II " II II 
Sk = Arithmetic II II II II conveyance. 
This study also suggests that in a small degree of 
magnitude 
(1) the Hec 2 program appeared to be more sensitive than 
WSPRO to the friction loss equation; and 
(2) the small floodplain site is more sensitive to the 
selection of the friction-loss equation. 
Benchmark Tests 
Results of the benc~mark tests for hardware 
performance developed in Chapter VI, and presented in Table 
20, are illustrated in Figures 38 and 39. The performance 
of the PS-2 and the Executive are equivalent. They are, on 
the average, five times faster than the IBM PC-XT with the 
mathematical co-processor, which is in turn four times 
faster than the same machine without the co-processor. For 
example, to run a small application like the Redfox file it 
takes 0.7 minute in the PS 2 computer, MachineD, and 9 
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Figure 38. Benchmark Tests WSE Propagation 
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Figure 39. Benchmark Tests with Backwater 
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application with a bridge backwater computation, as in EX4, 
takes approximately one minute using Machine D compared to 
42 minutes using Machine A. 
CHAPTER VIII 
CONCLUSION AND RECOMMENDATIONS 
A comparative floodway analysis was developed using 
WSPRO and HEC 2 computer programs. HEC 2 was developed by 
the Hydrologic Engineering Center of the u.s. Army corps of 
Engineers. WSPRO, also known asHY 7, was developed by the 
USGS for the Federal Highway Administration as a model for 
bridge design. Recent models always tend to improve an 
already existing models by incorporating new and desirable 
features and trying to make their use more attractive. A 
summary of the main features of each model is presented in 
Chapter III. 
The findings of this study are as follow: 
(1) Sites with small floodplains and low discharges are 
more sensitive to the roughness coefficient and a more 
accurate evaluation of this parameter is required. 
(2) Underestimation of n values is worse than overestima-
tion at low discharges. 
(3) The HEC 2 model is more sensitive to the roughness 
factor than WSPRO. A difference equal to 2 percent 
was observed. 
(4) The reach length has a minor influence on the water-
surface elevations of cross-sections when the 
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hydraulic characteristics of the floodplain do not 
change much·and slope is small. 
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(5) The WSPRO model is 4 percent more sensitive than HEC 2 
to the reach-length parameter. 
(6) Channel slope has a higher impact on water levels when 
it decreases than when it increases. 
(7) A small floodplain is more sensitive to channel slope. 
(8) Results obtained from the use of different friction-
loss equations agree with those found by Laureson 
(1986). The four equations are based on the magnitude 
of the water levels generated. They are ranked below. 
A(S1,S2) > G(S1,S2) > Sk > H(S1,S2) 
where: 
A(S1,S2) = Arith. means of reach-end friction slope 
G(S1,S2) = Geometric 
H(S1,S2) = Harmonic 
II 
II 




II II II 
II II II 
II II conveyance. 
(9) The HEC 2 program appeared to be more sensitive than 
WSPRO to the friction loss equation . 
(10) The site with a small floodplain is more sensitive to 
the selection of the friction loss-equation. 
(11) WSPRO files are generally smaller than HEC 2 files. 
(12) HEC 2 run-time is an average of two-and-a-half times 
smaller than WSPRO's. 
(13) The AT type machine can run a simulation problem five 
times faster than the IBM-PC with mathematical 
co-processor which in turn ran the same problem four 
times faster without the co-processor. 
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The input data for both models were prepared in a 
batch mode using the same concept of punch cards as done 
earlier for mainframe computers. It would be of 
considerable value for further improvements to develop an 
expert and user-friendly front program that would guide the 
input prepara-tion, prompting for the minimum required 
parameters for generic cases and checking its consistencies 
before submitting to the main program. 
Another suggestion for further upgrading would be the 
development of a graphics-oriented program to plot the 
water-surface profile for the WSPRO model, that would show 
the backwater effects for the entire reach. 
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PROGRAM RUNS WSPRO MODEL 
102 
SITE 1 - TWIN SPRING CREEK 
ALFALFA COUNTY 
103 
WSPRO FEDERAL HIGHWAY ADMINISTRATION - U. S. GEOLOGICAL SURVEY 
P123186 MODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
*** RUN DATE & TIME: 04-13-89 14:04 
T1 TWIN SPRING CREEK AT ALFALFA COUNTY ·ODOT SITE 16 HY7AL.DAT 
T2 10,25,50 AND 100 YR FLOOD CASE STUDY TULSA COUNTY SITE I 
T3 45 EFFECTIVE BRIDGE LENGTH JVGA SETUP ttt 
f 
Q 850 1300 1650 2100 
ttt 9-DATA FOR SEC-ID, ISEQ = 1 
SK 0,00088 0.00088 0.00088 0.00088 
* WSPRO FEDERAL HIGHWAY ADMINISTRATION - U. S. GEOLOGICAL SURVEY 
P123186 HODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
TWIN SPRING CREEK AT ALFALFA COUNTY -ODOT SITE 16 HY7AL.DAT 
10125,50 AND 100 YR FLOOD CASE STUDY TULSA COUNTY SITE 1 
45 EFfECTIVE BRIDGE LENGTH JYGA SETUP ttt 
ttt RUN DATE & TIME: 04-13-89 14:04 
ttt START PROCESSINS CROSS SECTION - "EXIT • 
XS EXIT 0 
SR 0,1260 40011250,5 47511249 48711246 495,1245.5 
SR 500,1246 51011249.5 60011260 
N 0.0610.07,0.0610,0510.04510.06,0.1 
SA 4001475 1487 14951500,510 
f 
*** FINISH PROCESSING CROSS SECTION - "EXIT • 
ttt CROSS SECTION "EXIT • ADDED TO OAF, RECORD NO. = 11 IXTYPE : 





X-Y COORDINATE PAIRS <NGP = 8): 
X Y X Y 
.o 1260.00 400.0 1250.50 
495.0 1245.50 500.0 1246.00 








XHIN Y X YHIN XHAX Y 
.o 1260.00 495.0 1245.50 600.0 1260.00 
SUBAREA BREAKPOINTS <NSA = 7); 
400. 475. 487, 495. 500. 510. 





I 0 1260.00 
.060 .070 .060 .050 .045 .060 .100 
104 
NSPRO FEDERAL HIGHWAY ADMINISTRATION - U. S. GEOLOGICAL SURVEY 
P123186 HODEL FOR MATER-SURFACE PROFILE COMPUTATIONS 
TNIN SPRING CREEK AT ALFALFA COUNTY ·ODOT SITE 16 HY7AL.DAT 
10,25,50 AND 100 YR FLDDD CASE STUDY TULSA COUNTY SITE 1 
45 EFFECTIVE BRIDGE LENGTH JVBA SETUP *** 
*** RUN DATE • TIHE: 04·13·89 14:04 
*** START PROCESSING CROSS SECTION · 'FULLV" 
xs FULLY 45 * • • o.ooo88 
t 
*** FINISH PROCESSING CROSS SECTION - 'FULLY" 
ttt CROSS SECTION 'FULLY" ADDED TO DAF, RECORD NO. = 2, IXTYPE : 





X·Y COORDINATE PAIRS <NGP = 
X y X 
8): 
y 
.o 1260.04 400.0 1250.54 
495.0 1245.54 500.0 1246.04 
X·Y HAX·HIN POINTS: 
XHIN y X YltiN 
.o 1260.04 495,0 1245.54 
SUBAREA BREAKPOINTS (NSA = 7>: 
400. 475. 487. 495. 
ROUGHNESS COEFFICIENTS (NSA = 7): 
EK 
,50 


















NSPRO FEDERAL HISHNAY ADMINISTRATION - U. S. 6EOL06ICAL SURVEY 
P!23!86 HODEL FOR NATER·SURFACE PROFILE COMPUTATIONS 
TNIN SPRING CREEK AT ALFALFA COUNTY ·ODOT SITE 16 HV7AL.DAT 
10,25,50 AND 100 YR FLOOD CASE STUDY TULSA COUNTY SITE I 
45 EFFECTIVE BRIDSE LENSTH JVGA SETUP *** 
*** RUN DATE & TIHE: 04·13·89 14:04 
*** START PROCESSING CROSS SECTION · "BROSE• 
BR BRDGE 45 1254.5 
BD 3,5 1258 0.00 500 
BL 45 475 510 
CD 3 27 2 1250 
f 
*** FINISH PROCESSING CROSS SECTION · "BRDGE" 
*** CROSS SECTION "BRDSE• ADDED TO DAF, RECORD NO. = 31 IXTYPE = 2 
··· DATA SUHHARY FOR SECID "BRDSE" AT SRD = 45, ERR-CODE = 0 
SKEN IHFNO VSLOPE 
.o o. .0009 
X·Y COORDINATE PAIRS <NGP = 10): 






v X v 
470.0 1254.50 470.0 1249.14 475.0 1249.04 487.0 1246.04 
495.0 1245.54 500.0 1246.04 510.0 1249.54 515.0 1250.12 
515.0 1254.50 470.0 1254.50 
X·Y HAX·HIN POINTS: 
XHIN y X Y"IN XHAX y X YKAX 
470.0 1254.50 495.0 1245.54 515.0 1250.12 470.0 1254.50 
SUBAREA BREAKPOINTS <NSA = 7): 
400. 475. 487. 495. 500. 510. 
ROUGHNESS COEFFICIENTS <NSA = 7): 
.060 .070 .060 .050 .045 .060 .100 
BRIDSE PARAHETERS: 
BRTYPE BRNDTH LSEL USERCD EHBSS EHBELV ABSLPL ABSLPR 
3 27.0 1254.50 fffffff 2.00 1250.00 fffffff fffffff 
DESIGN DATA: BRLEN LOCDPT XABLT XABRT 
45.0 o. 475.0 510.0 
BIRDEP BDELEY BDSLP BDSTA 
3.50 1258.00 .0000. 500.0 






FEDERAL HIGHWAY ADMINISTRATION · U. S. GEOLOGICAL SURVEY 
HODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
TWIN SPRING CREEK AT ALFALFA COUNTY ·ODOT SITE 16 HY7AL.DAT 
10125150 AND 100 YR FLOOD CASE STUDY TULSA COUNTY SITE 1 
45 EFFECTIVE BRIDGE LENGTH JVGA SETUP *** 
*** RUN DATE & TIHE: 04·13-89 14:04 
ttt START PROCESSING CROSS SECTION · "ROAD • 
XR ROAD 45 1 261 2 
6R 011257.5 100,1256 200,1255.4 310,1256.5 4001 1258 
&R 580,1258 60011260 
ttt FINISH PROCESSING CROSS SECTION - "ROAD • 
*** CROSS SECTION "ROAD 1 ADDED TO OAF, RECORD NO. = 4, IXTYPE = 4 









X·Y HAX·MIN POINTS: 
XHIN Y 
.o 1257.50 






SUBAREA BREAKPOINTS CNSA = 7): 
400. 475. 487. 495. 
ROUGHNESS COEFFICIENTS CNSA = 7): 
EK 
.so 
.060 .070 .060 .050 
ROAD GRADE DATA: IPAVE RDNID USERCF 











BRIDGE PROJECTION DATA: XREFLT XREFRT FDSTLT FDSTRT 









FEDERAL HIGHWAY ADMINISTRATION · U. S. GEOLOGICAL SURVEY 
HODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
TWIN SPRING CREEK AT ALFALFA COUNTY ·ODOT SITE 16 HY7AL.DAT 
10,25,50 AND 100 YR FLOOD CASE STUDY TULSA COUNTY SITE 1 
45 EFFECTIVE BRIDGE LENGTH JVGA SETUP ttt 
*** RUN DATE • TIME: 04·13·99 14:04 
*** START.PROCESSING CROSS SECTION· "APRCH" 
AS APRCH127 * * t 0.00088 
f 
EX 
*** FINISH PROCESSING CROSS SECTION · "APRCH• 
*** CROSS SECTION "APRCH" ADDED TO DAF, RECORD NO. = 5, IXTYPE : 5 





X·Y COORDINATE PAIRS 
X y 
I 0 1260.11 
495.0 1245.61 
X·Y HAX·HIN POINTS: 
XHIN Y 
.o 1260.11 
















400. 475. 487. 495. 500. 510. 
ROUGHNESS COEFFICIENTS CNSA = 7): 
X y 
487. 0 1246.11 
600.0 1260.11 
.060 .070 .060 .050 .045 .060 .100 
BRIDGE PROJECTION DATA: XREFLT XREFRT FDSTLT FDSTRT 
ffffftf ******* ******* fffffff 
NPROF, NGV = 4 7 
+++ BEGINNING PROFILE CALCULATIONS ·· 4 
108 
109 
NSPRO FEDERAL HIGHWAY AD"INISTRATION - U, S, GEOLOGICAl SURVEY 
P123186 ~ODEL FOR WATER-SURFACE PROFILE CO"PUTATIONS 
TNIN SPRING CREEK AT ALFALFA COUNTY -ODOT SITE 16 HY7Al.DAT 
10125150 AND 100 YR FLOOD CASE STUDY TULSA COUNTY SITE 1 
45 EFFECTIVE BRIDGE LENGTH JVGA SETUP *** 
*** RUN DATE L TI"E: 04-13-B9 14:04 
XSID:CODE SRDl LEN AREA VHD HF E6l CRNS G NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEl 
EXIT :XS ****** 316. 524, .08 ***** 1252,58 1250.11 850, 1252.50 
o. ****** 536. 28652. 2.02 ***** fffffff .26 1.62 
FULLV:FV 45. 316, 525. ,08 .04 1252.63 ******* 850. 1252.54 
45. 45. 536. 28705. 2. 02 • 00 • 00 • 26 1. 62 
<<<<<THE ABOVE RESULTS REFLECT "NOR"Al" <UNCONSTRICTEDl FlOW>>>>> 
APRCH:AS 82. 315. 526. .08 .07 1252.70 ******* 850. 1252.62 
127. 82. 536. 28770. 2.02 .00 .oo .26 1.62 
<<<<<THE ABOVE RESULTS REFLECT "NORMAL" <UNCONSTRICTEDl FLOW>>>>> 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS G WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
BROSE: BR 45. 470. 222. • 31 • 06 1252.76 1249.96 850. 1252.44 
45. 45. 515. 17579. 1.37 .11 .oo .36 3,83 
TYPE PPCD FLON C P/A LSEL BLEN XLAB XRAB 
3. ffff 1. .853 ffffff 1254.50 45. 470. 515. 
XSID:CODE SRD FLEN HF VHD ESL. ERR G NSEL 
ROAD :RG 45. <<<<<EMBANK"ENT IS NOT OVERTOPPED>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRIIS G WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:AS 55. 307. 574. .07 .08 1252.90 1250.22 850. 1252.83 
127. 61. 538. 31753. 2.00 ,06 .00 .23 1.48 
11(6) Mm KG XLKG XRKG OTEL 
• 796 • 367 20077 • 463 • 508, 1252.79 
<<<<<END OF BRIDGE CO"PUTATIONS>>>>> 
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P123186 HODEL FOR WATER-SURFACE PROFILE CO"PUTATIONS 
TWIN SPRING CREEK AT ALFALFA COUNTY ·ODOT SITE 16 HY7AL.DAT 
10,25150 AND 100 YR FLOOD CASE STUDY TULSA COUNTY SITE 1 
45 EFFECTIVE BRIDGE LENGTH JYGA SETUP tff 
ttf RUN DATE & TI"E: 04·13·89 14:04 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
EXIT :XS ttfftf 276, 757. .09 tffft 1253.54 1250.94 1300, 1253.45 
o. ffffff 544. 43782. 1.94 fffff fffffff .25 1.72 
FULLV:FV 45. 276. 758. ,09 ,04 1253.58 ******* 1300, 1253.50 
45. 45. 544. 43860. !. 94 • 00 • 00 • 25 1. 72 
««<THE ABOYE RESULTS REFLECT "NOR"AL" WNCONSTRICTEDl FLOW>»» 
APRCH:AS 82. 275. 759. ,09 .07 1253,66 ffftftf 1300. 1253.57 
127. 82. 544, 43950. 1.94 .oo .oo .25 1. 71 
<<<<<THE ABOVE RESULTS REFLECT "NOR"AL" <UNCONSTRICTED> FLOW>>>>> 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRWS a NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
BRDGE:BR 45. 470. 261. .59 .08 1253.91 1250.83 1300. 1253.32 
45. 45. 515. 22431. 1.52 .29 .oo .45 4.98 
TYPE PPCD FLOW c PIA LSEL BLEN XLAB XRAB 
3. ffft 1. • 810 ffffff 1254.50 45. 470. 515 • 
XSID:CODE SRD FLEN HF VHD EGL ERR Q WSEL 
ROAD :RG 45. <<<<<E"BANK"ENT IS NOT OVERTOPPED>>>>> 
XSID:CODE SRDL LEN AREA YHD HF EGL CRNS 0 NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:AS 55. 256. 985. .06 .09 1254.09 1251.05 1300. 1254.02 
127. 63. 548. 52683. 1.89 .09 .oo .20 1.47 
"<G> "(K) KG XLKG XRKQ OTEL 
.832 .500 26295. 457. 502. 1253.99 
<<<<<END OF BRIDGE CO"PUTATIONS>>>>> 
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P123186 MODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
TNIN SPRING CREEK AT ALFALFA COUNTY ·ODOT SITE 16 HY7AL.DAT 
10,25,50 AND 100 YR FLOOD CASE STUDY TULSA COUNTY SITE 1 
45 EFFECTIVE BRIDGE LENGTH JVGA SETUP *** 
*** RUN DATE & TIME: 04-13-89 14:04 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS 0 WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
EXIT :XS tttttt 251. 925. .09 ttttt 1254.14 1251.34 1650. 1254.05 
o. ffffff 549. 55584. 1.88 fffff fffffff .24 1.78 
FULLV:FV 45, 250, 927, .09 .04 1254.18 ******* 1650. 1254.09 
45. 45, 549. 55678. 1. 88 I 00 I 00 I 24 I. 78 
<<<<<THE ABOVE RESULTS REFLEtT 'NORMAL" <UNCONSTRICTEDl FLOW>>>>> 
APRCH:AS 82. 250. 928. .09 .07 1254.26 ***'*** 1650. 1254.17 
127. 82. 549. 55783. 1.88 .00 .00 .24 1.78 
<<<<<THE ABOVE RESULTS REFLECT 1 NORMAL" <UNCONSTRICTED> FLON>>>>> 
===220 FLON CLASS 1 (4l SOLUTION INDICATES POSSIBLE PRESSURE FLON. 
NS31NSIU,WS1 1 LSEL = 1253.86 1254.72 1254.82 1254.50 
===245 ATTEMPTING FLON CLASS 2 (5) SOLUTION. 
===250 INSUFFICIENT HEAD FOR PRESSURE FLON. 
YU/Z,NSIU,NS = 1.08 1255.04 1255.16 
===270 REJECTED FLOW CLASS 2 (5) SOLUTION. 
<<<<<RESULTS REFLECTING THE ,CONSTRICTED FLON FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
BRDSE:BR 45. 470. 285. .81 .09 1254,67 1251,40 1650, 1253.86 
45. 45. 515. 25647. 1.56 .44 .oo .51 5.78 
TYPE PPCD FLOW C P/A LSEL BLEN XLAB XRAB 
3. **** 1. .BOO ****** 1254.50 45, 470. 515. 
XSID:CODE SRD FLEN HF VHD ESL ERR Q NSEL 
ROAD :RG 45, <<<<<EMBANKMENT IS NOT OVERTOPPED>>>>> 
XSID:CODE SRDL LEN AREA VHD HF E6L CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
112 
APRCH:AS 55. 223. 1132. .06 .10 1254.88 1251.45 1650. 1254.82 
127. 64. 555. 70888. 1.82 .11 .oo .19 1.46 
M<G> M<K> KD XLKG XRKG OTEL 
I 849 I 604 28068. 452. 497 I 1254 I 79 
<<<<<END OF BRIDGE COMPUTATIONS>>>>> 
NSPRO FEDERAL HIGHWAY ADMINISTRATION - U. S, GEOLOGICAL SURVEY 
P123186 HODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
TNIN SPRING CREEK AT ALFALFA COUNTY ·ODOT SITE 16 HY7AL.DAT 
10,25150 AND 100 YR FLOOD CASE STUDY TULSA COUNTY SITE 1 
45 EFFECTIVE BRIDGE LENGTH JVGA SETUP Iff 
Iff RUN DATE • TIME: 04·13-89 14:04 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q WSEL 
SRD FLEN REW K ALPH HO ERR FRI VEL 
EXIT :XS lffttt 223. 1131. .10 ****' 1254.80 1251.76 2100. 1254.70 
o. ffffff 555. 70747. 1.83 fffff fffffff .24 1.86 
FULLV:FV 45. 223, 1132. .10 .04 1254.84 tffftff 2100. 1254.74 
45. 45. 555. 70860. 1. 82 • 00 • 00 . 24 1. 86 
<<<<<THE ABOVE RESULTS REFLECT 'NORMAL' <UNCONSTRICTED> FLOW>>>>> 
APRCH:AS 82. 223. 1134. .10 .07 1254.92 ******* 2100. 1254.82 
127. 82. 555. 70983. 1.82 .00 .00 .24 1.85 
<<<<<THE ABOVE RESULTS REFLECT "NORMAL" <UNCONSTRICTED> FLOW>>>>> 
===255 ATTEMPTING FLOW CLASS 3 (6) SOLUTION. 
NS3N1LSEL : 1254.74 1254.50 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS G NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
113 
BRDGE:BR 45. 470. 314. .87 ***** 1255.37 1251.99 2056. 1254.50 
45. fttfff 515. 19071. 1.31 fffff fffffff .so 6.54 
TYPE PPCD FLON c PIA LSEL BLEN XLAB XRAB 
3. ffft 6. .800 ffffff 1254.50 45. 470. 515. 
XSID:CODE SRD FLEN HF YHD ESL ERR g NSEL 
ROAD : RG 45. 56. .02 .05 1255.90 .oo 46. 1255.82 
9 WLEN LEN REN DHAX DAYS YHAX VAYG HAYS CAYS 
LT: 46. 112. 130, 242. .4 .2 2.1 2,0 .3 2.6 
RT: 0. ****** ****** ****** ***** ttttt ttttt ***** ***** ***** 
XSID:CODE SRDL LEN AREA YHD HF ESL CRNS a NSEL 
SRD FLEN REW K ALPH HO ERR FRI YEL 
APRCH:AS 55. 178. 1512. .05 .15 1255.93 1251.87 2100. 1255.88 
127. 65. 564. 100986. 1. 74 .11 .00 .16 1.39 
11(6) 
"m KQ XLKQ XRKQ OTEL 
****** ****** ******** ****** ****** ******** 
<<<<<END OF BRIDGE CO"PUTATIONS>>>>> 
ER 
NOR"AL END OF NSPRO EXECUTION, 
SITE 2 - POSEY CREEK 
TULSA COUNTY 
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ttt RUN DATE ' TIME: 04·13·89 13:59 
INDUSTRIAL BYPASS 
POSEY CREEK IN TULSA COUNTY CASE STUDY 
100 YEAR FLOOD 
HY7PO.DAT 
SITE 2 
f <ORISINAL FILE) 
a 1o9oo 
*** a-DATA FOR SEC·ID, ISEa = 
SK . 0.005427 
I 
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P123186 HODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
INDUSTRIAL BYPASS 
POSEY CREEK IN TULSA COUNTY CASE STUDY 
100 YEAR FLOOD 
ttt RUN DATE & TIME: 04·13-89 13:59 
ttt START PROCESSING CROSS SECTION - "EXIT 1 
XS EXIT 0 * 1 1 
SR 1000.0 646.2 
GR 1146,2 641.8 
SR 1491.8 631.9 
SR 1913.5 623.8 
SR 2389.3 615.4 
6R 2492.9.600.8 
6R 2758.3 614.8 
BR 3096.3 614.7 
SR 3674.8 620.5 
GR 4129.1 637.6 

































Itt CROSS SECTION "EXIT 1 ADDED TO DAF, RECORD NO. = 1, IXTYPE = 1 
--- DATA SUMMARY FOR SECID "EXIT 1 AT SRD = 0. ERR-CODE = 0 
SKEW IHFNO YSLOPE EK CK 
.o o. .0000 .so .oo 
X-Y COORDINATE PAIRS <NGP = 37): 
X y X y X y X y 
1000.0 646.20 1052.9 644.50 1066.2 645.60 1082.9 643.50 
1146.2 641.80 1180.9 639.10 1326.8 634.70 1451.2 632.00 
1491.8 631.90 1527.3 629.90 1656.2 627.60 1779.9 625.80 
1913.5 623.80 2057.1 620.70 2168.3 617.20 2308.9 615.40 
2389.3 615.40 2447.4 616.50 2468.8 600.80 2483.1 599.70 
2492.9 600.80 2514.4 610.90 2552.1 613.90 2616.9 615.40 
2758.3 614.80 2870.0 614.20 3014.5 613.90 3047.0 614.50 
3096.3 614.70 3250.7 615.10 3415.8 616.90 3601.5 619.00 
3674.8 620.50 3707.2 622.00 3859.1 625.90 4022.2 632.20 
4129.1 637.60 
X-Y MAX-MIN POINTS: 
XMIN y X YHIN XMAX y X YMAX 
1000.0 646.20 2483.1 599.70 4129.1 637.60 1000.0 646.20 
SUBAREA BREAKPOINTS <NSA = 3): 
2447, 2617. 
ROUGHNESS COEFFICIENTS <NSA : 3): 
.050 .070 .050 
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P123186 HODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
INDUSTRIAL BYPASS HY7PO.DAT 
POSEY CREEK IN TULSA COUNTY CASE STUDY SITE 2 
100 YEAR FLOOD 
*** RUN DATE ' TIHE: 04-13·89 13:59 
ttf START PROCESSING CROSS SECTION · ·"FULLV' 
xs FULLV 100 I t I 0.005427 
GR 1000.0 646.3 1052.9 644.6 1066,2 645.6 1082.9 643.5 
SR 1146.2 641.9 1180.9 639.2 1326,8 634.8 1451.2 632.1 
GR 1491.8 632.0 1527.3 630.0 1656.2 627.7 1779.9 625.9 
GR 1913.5 623.9 2057.1 620.8 2168.3 617.3 2308.9 615.5 
GR 2389.3 615.5 2447.4 616.6 2468,8 600,9 2483.1 599.8 
GR 2492.9 600.9 2514.4 611,0 2552.1 614.0 2616.9 615.5 
GR 2758.3 614.9 2870.0 614.3 3014.5 614.0 3047.0 614.6 
GR 3096.3 614.8 3250.7 615.2 3415.8 617.0 3601.5 619.1 
GR 3674.8 620.6 3707.2 622.1 3859.1 626.0 4022.2 632.3 
GR 4129.1 637.7 
N .05 .07 .05 
SA 2447.40 2616.9 
t 
Iff FINISH PROCESSING CROSS SECTION · "FULLY" 
ttl CROSS SECTION 'FULLY" ADDED TO DAF, RECORD NO. = 2, IXTYPE : 
--· DATA SUHHARY FOR SECID "FULLY• AT SRD = 100. ERR-CODE = 0 
SKEII IHFNO YSLOPE EK CK 
• o o . .0054 .so .00 
X·Y COORDINATE PAIRS (N6P = 37): 
X y X y X y X y 
1000.0 646.30 1052.9 644.60 1066.2 645.60 1082.9 643.50 
1146.2 641.90 1180.9 639.20 1326.8 634.80 1451.2 632.10 
1491.8 632.00 1527.3 630.00 1656.2 627.70 1779.9 625.90 
1913.5 623.90 2057.1 620.80 2168.3 617.30 2308.9 615.50 
2389.3 615.50 2447.4 616.60 2468.8 600.90 2483.1 599.80 
2492.9 600.90 2514.4 611.00 2552.1 614.00 2616.9 615.50 
2758.3 614.90 2870.0 614.30 3014.5 614.00 3047.0 614.60 
3096.3 614.80 3250.7 615.20 3415.8 617.00 3601.5 619.10 
3674,8 620.60 3707.2 622.10 3859.1 626.00 4022.2 632.30 
4129.1 637.70 
X-Y HAX·HIN POINTS: 
XHIN y X YHIN XHAX y X YHAX 
1000.0 646.30 2483.1 599.80 4129.1 637.70 1000.0 646.30 
SUBAREA BREAKPOINTS <NSA = 3): 
2447. 2617. 
ROUGHNESS COEFFICIENTS <NSA = 3): 
.050 .070 .050 
WSPRO FEDERAL HIGHWAY ADHINISTRATION - U. S. GEOLOGICAL SURVEY 
P123186 HODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
INDUSTRIAL BYPASS 
POSEY CREEK IN TULSA COUNTY CASE STUDY 
100 YEAR FLOOD 
ttt RUN DATE ' TIHE: 04-13-89 13:59 
ttt START PROCESSINS CROSS SECTION - 'BROSE" 
BR BRDGE100 619.7 t 0,5 0.3 
BD 3.75 623.45 0.00 2700 
BL 551 2468.8 2870.0 
CD 2 32 0 618 
PW 610 3 611 9 614 18 
t 
ttl FINISH PROCESSING CROSS SECTION - 'BROSE" 
HY7PO.DAT 
SITE 2 
ttt CROSS SECTION "BRDGE' ADDED TO OAF, RECORD NO. = 3, IXTYPE = 2 
--- DATA SUHHARY FOR SECID "BRDGE• AT SRD = 100. ERR-CODE = 0 
SKEN IHFNO YSLOPE EK CK 
• o o • .0054 .50 .30 
X-Y COORDINATE PAIRS <N&P = 14): 
X y X y X y X v 
2393.9 619.70 2393.9 615.59 2447.4 616.60 2468.8 600.90 
2483.1 599.80 2492.9 600.90 2514.4 611.00 2552.1 614.00 
2616.9 615.50 2758.3 614.90 2870.0 614.30 2944.9 614.14 
2944.9 619.70 2393.9 619.70 
X-Y HAX-HIN POINTS: 
XHIN y X VMIN XHAX y X YHAX 
2393.9 619.70 2483.1 599.80 2944.9 614.14 2393.9 619.70 
SUBAREA BREAKPOINTS <NSA = 3): 
2447. 2617. 
ROUGHNESS COEFFICIENTS <NSA = 3): 
.050 .070 .050 
BRIDGE PARAHETERS: 
BRTYPE BRWDTH LSEL USERCD EHBSS EHBELV YABLT YABRT 
2 32.0 619.70 fffffft .oo 618.00 615.59 614.14 
DESISN DATA: BRLEN LOCOPT XABLT XABRT 
551.0 o. 2468.8 2870.0 
SIRDEP BDELEV BDSLP BDSTA PARPHT PARPX 
3. 75 623.45 .0000 2700.0 fttfftf fftffft 
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PIER DATA: NPN : 3 PCODE : 0, 
PELV PWDTH PELY PWDTH PELV PNDTH PELY PIIDTH 
610.00 3.0 611.00 9.0 614.00 18.0 
NSPRO FEDERAL HIGHWAY ADHINISTRATION · U. S, GEOLOGICAL SURVEY 
P1231B6 HODEL FOR WATER-SURFACE PROFILE COHPUTATIONS 
INDUSTRIAL BYPASS 
POSEY CREEK IN TULSA COUNTY CASE STUDY 
100 YEAR FLOOD 
ttt RUN DATE & TIHE: 04·13-89 13:59 
ttt START PROCESSING CROSS SECTION · 'ROAD • 
XR ROAD 100 32 1 
HY7PO.DAT 
SITE 2 , 
GR 1779.9 625.9 1913.5 623.9 2400 624.5 3000 624.5 3700 625 
f 
ttt FINISH PROCESSING CROSS SECTION · "ROAD • 
ttt CROSS SECTION "ROAD • ADDED TO DAF, RECORD NO. : 4, IXTYPE = 4 
--- DATA SUHHARY FOR SECID "ROAD " AT SRD = too. ERR-CODE = 
SKEN IHFNO YSLOPE EK 
• o o • ,0054 .50 
X·Y COORDINATE PAIRS <N&P : 5)1 
X y X y 
1779.9 625.90 1913.5 623.90 
3700.0 625.00 
X·Y HAX·HIN POINTS: 
XHIN y X YHIN 
1779.9 625.90 1913.5 623.90 
SUBAREA BREAKPOINTS <NSA : 3): 
2447. 2617. 
ROUGHNESS COEFFICIENTS <NSA : 3): 
.050 .070 .050 
ROAD GRADE DATA: IPAYE RDNID USERCF 







BRID&E PROJECTION DATA: XREFLT XREFRT FDSTLT FDSTRT 











NSPRO FEDERAL HIGHWAY AD"INISTRATION - U. S. GEOLOGICAL SURVEY 
P123186 "ODEL FOR WATER-SURFACE PROFILE CO"PUTATIONS 
INDUSTRIAL BYPASS 
POSEY CREEK IN TULSA COUNTY CASE STUDY 
100 YEAR FLOOD 
ttt RUN DATE l TI"E: 04-13-89 13:59 
ttt START PROCESSING CROSS SECTION - "APRCH" 
AS APRCH 651 
f 
EX 
ttt FINISH PROCESSING CROSS SECTION · 1 APRCH• 
HY7PO.DAT 
SITE 2 
ttt CROSS SECTION "APRCH• ADDED TO OAF, RECORD NO. = 5, IXTVPE = 5 

















X-Y "AX-"IN POINTS: 























































X"IN Y X Y"IN X"AX Y X Y"AX 
1000.0 649.29 2483.1 602.79 4129.1 640.69 1000.0 649.29 
SUBAREA BREAKPOINTS <NSA = 3): 
2447. 2617. 
ROUGHNESS COEFFICIENTS <NSA = 3): 
.050 .070 .050 
BRIDGE PROJECTION DATA: XREFLT XREFRT FDSTLT FDSTRT 
tftfttt fffffff ftfffft fttffft 
NPROF 1 NOV = 4 
+++ BEGINNING PROFILE CALCULATIONS --
120 
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NSPRO FEDERAL HIGHWAY ADMINISTRATION - U. S. GEOLOGICAL SURVEY 
P123186 HODEL FOR IIATER·SURFACE PROFILE COMPUTATIONS 
INDUSTRIAL BYPASS HY7PO.DAT 
POSEY CREEK IN TULSA COUNTY. CASE STUDY SITE 2 
100 YEAR FLOOD 
ttt RUN DATE • TIME: 04·13·99 13:59 
XSID:CODE SRDl lEN AREA VHD HF E&L CRIIS a IISEL 
SRD FLEN REII K ALPH HO ERR FRI VEL 
EXIT :XS tttttt 2209. 2733. .31 ttttt 616.99 615.79 10900, 616.69 
o. ttfttt 3396. 147928. 1.23 tftff ttftftf .51 3.99 
FULLY:FY 100. 2175. 3260, .21 .43 617.43 ttttttt 10900. 617.22 
100. 100. 3435. 196355. 1.18 .oo .oo .40 3.34 
<<<<<THE ABOYE RESULTS REFLECT 'NORMAl' (UNCONSTRICTED> FlOW>>>>> 
APRCH:AS 551. 2216. 2618. .34 2.51 620.02 ttttttt 10900. 619.69 
651. 551. 3387. 139965. 1 .• 25 .07 .02 .55 4.16 
<<<<<THE ABOYE RESULTS REFLECT 'NORMAL' <UNCONSTRICTED) FLON>>>>> 
<<<<<RESULTS REFLECTIN6 THE CONSTRICTED FLOII FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGl CRIIS a IISEL 
SRD FLEN REII K ALPH HO ERR FRI VEL 
BRDSE:BR 100. 2394. 1888. .89 .67 617.85 616.11 10900. 616.96 
100. 100. 2945. 119092. 1. 71 .18 -.01 .72 5. 77 
TYPE PPCD FlOW c PIA LSEL BLEN XLAB XRAB 
2. o. 1. • 765 .053 619.70 551 • 2394. 2945. 
XSID:CODE SRD FLEN HF VHD ESL ERR a WSEL 
ROAD :RS 100. <<<<<EMBANKMENT IS NOT OVERTOPPED>>>>> 
XSID:CODE SRDL lEN AREA YHD HF ESL CRWS a NSEL 
SRD FLEN REII K ALPH HO ERR FRI VEL 
APRCH:AS 519. 2162. 3614. .16 2.54 620.65 618.89 10900. 620.49 
651. 546. 3460. 214261. 1.16 .27 .oo .34 3.02 
M<S> M<K> KG XLKO XRKO OTEL 
.530 • 304 149083. 2402. 2953 • 619.14 
<<<<<END OF BRIDGE COMPUTATIONS>>>>> 
ER 
NORMAL END OF IISPRO EXECUTION. 
SITE 3 - CANEY RIVER 
WASHINGTON COUNTY 
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*** RUN DATE • TI"E: 04·13·89 14:00 
~LTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 ** NEN BRIDSE ** CASE 1 
FLOOD FLOW OF 1986 1 50 YRS, • 100 YRS RECURRENCE INTERVAL 
CASE STUDY SITE 3 
Q 42800 51400 108000 
*** G·DATA FOR SEC·ID, ISEG = 
SK .0004 .0004 .0004 
f 
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WSPRO FEDERAL HIGHWAY AOHINISTRATION - U. S. GEOLOGICAL SURVEY 
P123186 HODEL FOR WATER-SURFACE PROFILE COHPUTATIONS 
HULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 ** NEW BRIDGE tt CASE 1 
FLOOD FLON OF 1986 , 50 YRS, ' 100 YRS RECURRENCE INTERVAL 
ttt RUN DATE ' TIHE: 04-13-89 14:00 
ttt START PROCESSING CROSS SECTION - "EXIT • 
XS EXIT 0 t t t 
SR 0 670 60 652 100 650 160 640 200 617 230 614 
SR 270 617 290 635 400 639 500 651 1600 645 3047 644 
SR 5353 644 8282 650 10625 660 11250 670 
SA 0 500 
N .048 .06 .048 
t 
ttt FINISH. PROCESSING CROSS SECTION - "EXIT " 
ttt CROSS SECTION "EXIT • ADDED TO DAF, RECORD NO. = 11 IXTYPE = 





X-Y COORDINATE PAIRS (NSP = 16): 
X y X y 
.o 670.00 60.0 652.00 
200.0 617.00 230.0 614.00 
400.0 639.00 500.0 651.00 
5353.0 644.00 8282.0 650.00 















XHIN Y X YHIN XHAX Y 
.o 670.00 230.0 614.00 11250.0 670.00 
SUBAREA BREAKPOINTS <NSA = 3>: 
o. 500. 
ROUSHNESS COEFFICIENTS (NSA = 3>: 









WSPRO FEDERAL HIGHWAY ADHINISTRATION · U. S. GEOLOGICAL SURVEY 
P123186 "ODEL FOR WATER-SURFACE PROFILE CO"PUTATIONS 
HULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 tt NEW BRIDGE tt CASE 1 
FLOOD FLOW OF 1986 , 50 YRS, & 100 YRS RECURRENCE INTERVAL 
ttt RUN DATE & TIHE: 04·13-89 14:00 
ttl START PROCESSING CROSS SECTION • "FULLY" 
XS FULLY 542 
GR 0 672.99 70 665.46 80 618 125 617 170 618 190 625 218.4 627 
GR 245 637.6 395.72 639.24 540.13 650 550.16 649.23 3099 642.6 
GR 3345 639.52 3430 640.22 4857.5 643.64 5457 639.82 9315 648.23 
GR 10765 681.41 
SA 0 540.13 
Ill FINISH PROCESSING CROSS SECTION · 1 FULLV" 
tit CROSS SECTION "FULLY" ADDED TO DAF, RECORD NO. = 2, IXTVPE = 1 
··· DATA SUHHARY FOR SECID "FULLY" AT SRD = 542. ERR-CODE : 0 
SKEW IHFNO VSLOPE 
• o o . .oooo 
X·Y COORDINATE PAIRS CNGP = 18): 
X y X y 
.o 672.99 70.0 665.46 
170.0 619.00 190.0 625.00 
395.7 639.24 540.1 650.00 
3345.0 639.52 3430.0 640.22 
9315.0 648.23 10765.0 681.41 
X·Y "AX·"IN POINTS: 
XHJN y X YHIN 
.o 672.99 125.0 617.00 
SUBAREA BREAKPOINTS CNSA = 3): 
o. 540. 
ROUGHNESS COEFFICIENTS <NSA = 3): 
.048 .060 .048 
EK CK 
.so .oo 
X y X y 
80.0 618.00 125.0 617.00 
219.4 627.00 245.0 637.60 
550.2 649.23 3099.0 642.60 
4957.5 643.64 5457.0 639.82 
XHAX y X YHAX 
10765.0 681.41 10765.0 681.41 
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NSPRO FEDERAL HI6HNAY AD"INISTRATION · U. S. SEOLO&ICAL SURVEY 
P123186 MODEL FOR MATER-SURFACE PROFILE CO"PUTATIONS 
I!ULTIPLE BRIDBE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US·75 ff NEW BRIDGE ff CASE 1 
FLOOD FLOW OF 1986 , 50 YRS, • 100 YRS RECURRENCE INTERVAL 
ftt RUN DATE l TI"E: 04·13·89 14:00 
tft START PROCESSING CROSS SECTION · "BRDSE" 
BR BRD6E 542 
&R 17.3 668.23 44.17 668.23 81.25 618 156 618 217 635.8 477.8 640.91 
GR 534.8 650 556.7 660 17.3 668.23 
SA 17.3 556.7 
CD 3 134 2 665 
PN 621 4.3 624 4.3 624 8.6 636 8,6 636 12.9 637 12.9 637 17.2 
PN 640 17.2 640 21.5 
KD 44.17 534.8 160 44.17 534.8 160 
f 
Iff FINISH PROCESSING CROSS SECTION · 'BRD&E• 
ttt CROSS SECTION "BRDGE" ADDED TO DAF, RECORD NO. = 3, IXTYPE = 2 
··· DATA SU""ARY FOR SECID •BRD&E" AT SRD = 542. ERR-CODE = 0 
SKEW IHFNO YSLOPE EK CK 
.o o. .0000 .so .oo 
X·Y COORDINATE PAIRS CN&P : 9): 
X y X y X y . X y 
17.3 668.23 44.2 668.23 81.3 618.00 156.0 618.00 
217.0 635.80 477.8 640.91 534.8 650.00 556.7 660.00 
17.3 668.23 
X·Y "AX·"IN POINTS: 
X" IN y X Y"IN XI!AX y X Y"AX 
17.3 668.23 81.3 618.00 556.7 660.00 17.3 668.23 
SUBAREA BREAKPOINTS CNSA = 3l: 
17. 557. 
ROUGHNESS COEFFICIENTS CNSA = 3l: 
.048 .060 .048 
BRID&E PARA"ETERS: 
BRTYPE BRNDTH LSEL USERCD E"BSS E"BELY ABSLPL ABSLPR 
3 134.0 ffftffff ffftfft 2.00 665.00 tffffft tffftff 
















NSPRO FEDERAL HISHNAY ADHINISTRATION - U. S. GEOLOSICAL SURVEY 
P123186 HODEL FOR MATER-SURFACE PROFILE COMPUTATIONS 
HULTIPLE BRIDGE OPENINS RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 II NEW BRIDSE II CASE I 
FLOOD FLOW OF 1986 , 50 YRS, & 100 YRS RECURRENCE INTERVAL 
Ill RUN DATE & TIHE: 04-13-89 14:00 
Ill START PROCESSING CROSS SECTION - "OFBRIM 
BR OFBR1 542 
GR 3300 656 3333.73 642 3415.21 642 3450.5 656.47 3300 656 
CD 3 134 2 659 
PW 642 2.2 
KD 3300 3450.5 3375.25 3300 3448.63 3374 
* 
*** FINISH PROCESSING CROSS SECTION - "OFBRl" 
***CROSS SECTION "OFBR1" ADDED TO DAF, RECORD NO. = 4, IXTYPE = 2 
---DATA SUHHARY FOR SECID "OFBR1" AT SRD = 542. ERR-CODE = 0 
SKEN IHFNO YSLOPE EK CK 
.o o. .0000 .50 .oo 
X-Y COORDINATE PAIRS <NGP = 5): 
X y X y X y X y 
3300.0 656.00 3333.7 642.00 3415.2 642.00 3450.5 656.47 
3300.0 656.00 
X-V HAX-HIN POINTS: 
XHIN y X YHIN UIAX y X YHAX 
3300.0 656.00 3333.7 642.00 3450.5 656.47 3450.5 656.47 
SUBAREA BREAKPOINTS <NSA = 3): 
o. 540. 
ROUGHNESS COEFFICIENTS <NSA = 3): 
.048 .060 .048 
BRIDGE PARAHETERS: 
BRTYPE BRNDTH LSEL USERCD EHBSS EHBELV ABSLPl ABSLPR 
3 134.0 '''''''' flfllff 2.00 659.00 ffflllf flfffff 
PIER DATA: NPN = 
PELY PIIDTH 
642.00 2.2 
PCODE = 0, 
PELY PIIOTH PELY PNDTH PELY PWDTH 
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NSPRO FEDERAL HIGHWAY ADKINISTRATION · U. S. SEOLOGICAL SURVEY 
P123186 KODEL FOR WATER-SURFACE PROFILE COKPUTATIONS 
KULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 tt NEW BRIDGE tt CASE 1 
FLOOD FLOW OF 1986 1 50 YRS, ~ 100 YRS RECURRENCE INTERVAL 
ttt RUN DATE ~ TIKE: 04·13·89 14:00 
ttt START PROCESSINS CROSS SECTION · "OFBR2" 
BR OFBR2 542 
GR 5370 660 5404.34 642 5513 642 5550.5 661 5370 660 
CD 3 134 2 663 
PW 643 3.3 
KD 5370 5550.5 5460.25 5370 5550.5 5460.25 
I 
tit FINISH PROCESSING CROSS SECTION · "0FBR2" 
ttl CROSS SECTION "OFBR2" ADDED TO DAF, RECORD NO. : 51 IXTYPE = 2 
--- DATA SUKKARY FOR SECID "OFBR2" AT SRD : 542. ERR-CODE = 0 
SKEW IHFNO YSLOPE EK CK 
. o o . .oooo .so .00 
X·Y COORDINATE PAIRS <NGP : 5): 
X y X y X y X y 
5370.0 660.00 5404.3 642.00 5513.0 642.00 5550.5 661.00 
5370.0 660.00 
X·Y KAX·KIN POINTS: 
XKIN y X Y"IN XI'IAX y X YI'IAX 
5370.0 660.00 5404.3 642.00 ssso.s 661.00 5550.5 661.00 
SUBAREA BREAKPOINTS <NSA = 3): 
o. 540. 
ROUGHNESS COEFFICIENTS <NSA = 3): 
.048 .060 .048 
BRIDGE PARAKETERS: 
BRTYPE BRNDTH LSEL USERCD EKBSS EKBELV ABSLPL ABSLPR 
3 134.0 ffftltfl 1111111 2.00 663.00 lflflll 1111111 
PCODE = 0. PIER DATA: NPN = 
PELY PWDTH 
643.00 3.3 
PELV PWDTH PELY PNDTH PELY PIIDTH 
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WSPRO FEDERAL HIGHWAY ADHINISTRATION · U. S, GEOLOGICAL SURVEY 
P123186 HODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
MULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 ff NEW BRIDGE ft CASE I 
FLOOD FLOW OF 1986 , 50 YRS, & 100 VRS RECURRENCE INTERVAL 
Iff RUN DATE ' TIHE: 04-13·89 14:00 
Iff START PROCESSING CROSS SECTION • 'APRCH" 
AS APRCH 1218 
GR 0 671 16 665.7 70 638 200 638 230 618 275 617 320 618 
6R 350 638 353 636.17 365 638,99 589 639.5 626 643.65 1491.8 647.9 
GR 3381 638.9 4810 642.54 5468 641.67 9308 646 9873 654 11629 662 
GR 15883 738 
SA 16 589 
EX 
ftf FINISH PROCESSING CROSS SECTION · 'APRCH" 
Iff CROSS SECTION 'APRCH" ADDED TO DAF, RECORD NO. = 6, IXTYPE = 5 
--- DATA SUHHARY FOR SECID "APRCH" AT SRD = 1218. ERR-CODE = 0 
SKEW IHFNO VSLOPE 
.o o. . 0000 
X-V COORDINATE PAIRS (N6P = 20l: 
X y X y 
.o 671.00 16.0 665.70 
230,0 618.00 275.0 617.00 
353.0 636.17 365,0 638.99 
1491.8 647.90 3381,0 638.90 
9308.0 646.00 9873.0 654.00 
X-V HAX·HIN POINTS: 
XHIN y X YHIN 
.o 671.00 275.0 617 I 00 
SUBAREA BREAKPOINTS <NSA = 3>: 
16. 589. 
ROUGHNESS COEFFICIENTS (NSA = 3): 





















BRIDGE PROJECTION DATA: XREFL T XREFRT FDSTL T FDSTRT 
fffffff fffflff fflflfl llffffl 
NPROF, NOV = 3 6 











NSPRO FEDERAL HIGHWAY AD"INISTRATION - U. S. GEOLOGICAL SURVEY 
P123186 "ODEL FOR WATER-SURFACE PROFILE CO"PUTATIONS 
"ULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 It NEW BRIDGE II CASE 1 
FLOOD FLOW OF 1986 , 50 YRS, & 100 YRS RECURRENCE INTERVAL 
Itt RUN DATE & TI"E: 04·13·89 14:00 
XSID:CODE SRDL LEN AREA VHD HF EGL CRIIS Q NSEL 
SRD FLEN REW K ALPH HO ERR FRI VEL 
EXIT :XS ftffll 111. 25747. .06 IIIII 648.29 637.60 42800. 648.22 
o. 111111 7415. 2139525. 1.49 IIIII 1111111 .18 1.66 
===135 CONVEYANCE RATIO OUTSIDE OF RECO""ENDED LI"ITS. 
"FULLY• KRATIO = 2. 00 
FULLV:FV 542. 74. 45481. .02 .11 648.40 1111111 42800. 648.38 
542. 542. 9322. 4284308. 1.15 .oo .oo .08 .94 
<<<<<THE ABOVE RESULTS REFLECT "NOR"AL' <UNCONSTRICTED> FLOII>>>>> 
APRCH:AS 676, 50, 52876. .01 .06 648,45 tttlttt 42800. 648.44 
1218. 676. 9480. 5248580. 1.11 .00 .oo .06 .81 
<<<<<THE ABOVE RESULTS REFLECT "NOR"AL' <UNCONSTRICTED> FLOW>>>>> 
A3 --- 6711. 619. 772. 
QS ••. 35453. 3267. 4079. 
BOLEII --- 59. 3318. 5392. 
BOREll ··· 525. 3431. 5526. 
STAGLT •·· ******** 3083. 4303. 
STAGRT ··· 3083. 4303. ffffffll 
AS ··· 17147. 10348. 25380, 52876. 
KS --- 1816711.1335693.2273578.5425981. 
CA3 ··· 5342. 542. 667. 6552. CRF ··· 2.317 2.408 2.240 
CJ .•. 
.796 ,876 • 864 QS ··· 34905, 3680, 4215 • 
CDF ··· 2.474 .310 .227 CDF ··· 2.436 .349 .235 
NSPRO FEDERAL HIGHWAY ADKINISTRATION - U. S. GEOLOGICAL SURVEY 
P123186 MODEL FOR MATER-SURFACE PROFILE COMPUTATIONS 
MULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 ++ NEW BRIDGE tt CASE 1 
FLOOD FLOW OF 1986 1 50 YRS, & 100 YRS RECURRENCE INTERVAL 
ttt RUN DATE & TIKE: 04-13-89 14:00 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOM FOLLOW>>>>> 
XSID:CODE SRDl LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REM K ALPH HO ERR FRI VEL 
BRDGE:BR 539. 59. 6823. .68 .54 649.30 634.73 34905, 648.62 
542. 539. 526. 985770. 1. 68 • 20 • 00 • 31 5.12 
TYPE PPCD FLOW C P/A LSEL BLEN XLAB XRAB 
3. o. 1. .773 .054 ******' *****' ****'' ffffff 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS a NSEL 
SRD FLEN REM K ALPH HO ERR FRI VEL 
SLICE:AS 539. 47. 20816. .05 .20 649.70 632.93 34905. 649.65 
1215. 919. 3083. 5825242. 1.20 .21 .oo .12 1.68 
K(G) K<K> KQ XLKQ XRKa OTEL 
.838 .497 2931481. 44. 535. 649.63 
<<<<<END OF BRIDGE COKPUTATIONS>>>>> 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REM K ALPH HO ERR FRI VEL 
OFBR1:BR 151. 3318. 612. .74 .OS 649.07 645.89 3680. 648.33 
542. 151. 3431. 58094. 1.32 .60 .oo .52 6.01 
TYPE PPCD FLOW C P/A LSEL BLEN XLAB XRAS 
3. o. 1. .871 .023 ffffffl ftffft ''*'*' '*'''' 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS a NSEL 
SRD FLEN REN K ALPH HD ERR FRI VEL 
SLICE:AS 151. 3083, 11979. .00 . 10 649.78 639.10 3680, 649.78 
827. 255. 4303. 595420. 1.00 .61 .oo .02 .31 
K(G) K<K> KQ XLKQ XRKa OTEL 
.877 .859 84095. 3300. 3449. 649.77 
<<<<<END OF BRIDGE COMPUTATIONS>>>>> 
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===135 CONVEYANCE RATIO OUTSIDE OF RECOMMENDED LIMITS. 
"APRCH" KRATIO = 2.87 
XSID:CODE SRDL LEW AREA VHD HF EGL CRNS Q WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 392. 3083. 11986, .00 .01 649.78 ttttttt 3680, 649.78 
1218. 392. 4303. 1706198. 1. 00 • 00 • 00 • 02 • 31 
WSPRO FEDERAL HISHWAY ADMINISTRATION · U. S. GEOLOGICAL SURVEY 
P123186 MODEL FOR WATER-SURFACE PROFILE COHPUTATIONS 
MULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 tt NEW BRIDGE tt CASE 1 
FLOOD FLOW OF 1986 , 50 YRS, • 100 YRS RECURRENCE INTERVAL 
ttt RUN DATE • TIKE: 04-13·89 14:00 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
OFBR2:BR 181. 5392, 778. .62 .13 649,04 645.56 4215, 648.43 
542. 181. 5526. 77039. 1.36 .53 .oo .46 5.41 
TYPE PPCD FLOW C P/A LSEL BLEN XLAB XRAB 
3. o. 1. .858 .023 ftffftt lltttt fttltt ttttft 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REM K ALPH HO ERR FRI VEL 
SLICEaAS 181. 4303, 32263. .00 .23 649,76 645.56 4215. 649.76 
857. 439. 9573. 787621. 1.oo .48 .oo .ot .13 
M(G) K(K) KQ XLKQ · XRKO OTEL 
.965 .946 42445. 5370. 5551. 649.75 
<<<<<END OF BRIDGE COKPUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECOMMENDED LI"ITS. 
"APRCH" KRATIO = 4.26 
133 
XSID:CODE SRDL LEN AREA VHD HF ESL CRNS G NSEL 
SRD FLEN REN K ALPH HO ERR FRt VEL 
APRCH:XS 362. 4303. 32276. .oo .00 649.76 fffffff 4215. 649.76 
1218. 362. 9574. 335364l. 1.00 .oo .oo .01 .13 
APRCH:XS ffftft 47. 64856. .01 tfltt 649.71 ttfttft 42800. 649.70 
1218. fftftt 9570. 7240104. 1.06 ttfft 1.26 .05 .66 
STAGLT --- ttfttttt 3088. 4294. 
STAGRT --- 3088. 4294. tfttfftt 
AS --- 21038. 11762. 32056. 64856. 
KS --- 2426143.1666843.3313492.7406478. 
CA3 --- 5271. 533. 668. 6473. 
CJ --- .773 .871 .858 
CDF --- 2.436 .349 .235 
CRF --- 2.307 2.402 2.257 
GS --- 34816. 36671 4316. 
CDF --- 2.483 .381 .225 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLON FOLLDN>>>>> 
XSID:CDDE SRDL LEN AREA VHD HF ESL CRNS G NSEL 
SRD FLEN REM K ALPH HD ERR FRt VEL 
BRDGE:BR 539. 59. 6822. .68 .53 649.30 634.69 34816. 648.62 
542. 539. 526. 985539. 1.68 .20 .oo .30 5.10 
TYPE PPCD FLON c PIA LSEL BLEN XLAB XRAB 
3. o. 1. .772 .054 tffffff ftffff fftfff ****** 
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WSPRO FEDERAL HIGHWAY AD"INISTRATION - U~ S~ GEOLOGICAL SURVEY 
P123186 HODEL FOR WATER-SURFACE PROFILE CO"PUTATIONS 
"ULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDBE AT US-75 ** NEW BRIDGE ** CASE 1 
FLOOD FLOW OF 1986 1 50 YRS, & 100 YRS RECURRENCE INTERVAL 
*** RUN DATE • TI"E: 04-13-89 14:00 
XSID:CODE SRDL LEN AREA VHD HF EBL CRWS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 539~ 47~ 20845. .05 ~19 649.69 632~90 34816~ 649~64 
1215. 927. 3088. 5944030. 1.20 121 100 .12 1~67 
"<G> "<K> KQ XLKQ XRKQ OTEL 
.839 .497 29860621 44. 535. 649.62 
<<<<<END OF BRIDGE COHPUTATIONS>>>>> 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEW AREA YHD HF EBL CRWS Q WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
OFBR1:BR 151~ 3318, 612~ .74 ,08 649.06 645~89 3667~ 648~33 
5421 151. 34311 58092. 11 32 I 59 I 00 I 52 5. 99 
TYPE PPCD FLOW C P/A LSEL BLEN XLAB XRAB 
3. 01 11 .871 .023 ******* ****** fflfff ****** 
XSIDaCODE SRDL LEN AREA VHD HF EGL CRWS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE: AS 1511 30881 118281 I 00 • 09 649176 639~10 3667 I 649. 76 
827. 255. 4294. 640566, 1.00 .61 .oo 102 .31 
"(6) "m KQ XLKQ XRKQ OTEL 
.875 .857 914041 3300. 3449. 649.75 
<<<<<END OF BRIDGE CO"PUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECD""ENDED LI"ITS. 
'APRCH' KRATIO = 2.63 
XSID:CODE SRDL LEN AREA VHD HF ESL CRNS g NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 392. 3088. 11834. .00 .00 649.77 1111111 3667. 649.76 
1218. 392. 4294. 1683896. 1.00 .oo .oo .02 .31 
<<<<<RESULTS REFLECTINS THE CONSTRICTED FLON FOLLON>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
OFBR2:BR 181. 5392. 779. .65 .14 649,08 645.62 4316. 648.43 
542. 181. 5526. 77148. 1.36 .56 .00 .47 5.54 
TYPE PPCD FLON C P/A LSEL BLEN XLAB XRAB 
liS PRO 
P123186 
3. o. 1. ,858 .023 1111111 111111 111111 111111 
FEDERAL HIGHWAY ADMINISTRATION - U. S. GEOLOGICAL SURVEY 
MODEL FOR MATER-SURFACE PROFILE COMPUTATIONS 
MULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 II NEll BRIDGE II CASE 1 
FLOOD FLON OF 1986 , 50 YRS, • 100 YRS RECURRENCE INTERVAL 
Ill RUN DATE • TIME: 04-13-89 14:00 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS 0 NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 181. 4294, 32754, .00 ,26 649,84 645,62 4316. 649.84 
857. 439. 9579. 773321. 1.00 .50 .oo .01 .13 
M(G) M<K> KG XLKG XRKG OTEL 
.965 .947 41390. 5370. 5551. 649.83 
<<<<<END OF BRIDGE COMPUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECOMMENDED LIMITS. 
"APRCH• KRATIO = 4.44 
XSID:CODE SRDL lEN AREA VHD HF EGL CRNS Q NSEL 
SRD FlEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 362. 4294, 32767. .00 .00 649.84 1111111 4316. 649.84 
1218. 362. 9579. 3432856. 1.00 .oo .00 .01 .13 
APRCH:XS 111111 47. 65015, .01 IIIII 649.73 1111111 42800. 649.72 
1218, lllllf 9571, 7268408. 1,06 Ifill .02 .05 ,66 
135 
136 
STAGLT --- tttttttt 3088. 4294. 
STAGRT --- 3088. 4294. tfffffff 
AS --- 21089. 11779. 32148. 65016. 
KS --- 2434757.1671163.3328744.7434664, 
CA3 ··• 5269, 533. 668. 6471. 
CJ ··- .772 ,871 .858 
CDF ··- 2.483 .381 .225 
CRF ·•· 2.307 2.402 2.257 
QS ... 34811. 3669. 4320 • 
CDF --- 2.484 • 381 .225 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLON FOLLOW>>>>> 
XSID:CODE SRDL LEW AREA VHD HF ESL CRWS 9 NSEL 
SRD FLEN REII K ALPH HO ERR FRI VEL 
BRDGE:BR 539. 59. 6822. .68 .53 649.30 634.69 34811. 648.62 
542. 539. 526. 985532. 1.68 .20 .oo .30 5.10 
TYPE PPCD FLOW c PIA LSEL BLEN XLAB XRAB 
3. o. 1. .772 .054 fffffff fflfff ffffff fffffl 
XSID:CODE SRDL LEW AREA YHD HF EGL CRWS Q IISEL 
SRD FLEN REII K ALPH HO ERR FRI YEL 
SLICE:AS 539. 47. 20843. .05 .19 649.69 632.90 34811. 649.64 
1215. 927. 3088. 5944072. 1.20 .21 .oo .12 1.67 
"(6) "(K) KQ XLKQ XRKQ OTEL 
.839 .497 2986226. 44. 535. 649.62 
<<<<<END OF BRIDGE CO"PUTATIONS>>>>> 
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WSPRO FEDERAL HIGHWAY ADHJNISTRATION - U. S. GEOLOGICAL SURVEY 
Pl23186 HODEL FOR WATER-SURFACE PROFILE COHPUTATIONS 
HULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 tt NEW BRIDGE tt CASE 1 
FLOOD FLOW OF 1986 1 50 YRS, & 100 YRS RECURRENCE INTERVAL 
fft RUN DATE & TitlE: o•-13-89 14:00 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEW AREA VHD HF EGL CRWS Q WSEL 
SRD FLEN REW K ALPH HO ERR FRI VEL 
OFBR1:BR 151. 3318. 612~ ~74 ~08 649~06 6·5~89 3669~ 648.33 
542. 1511 34311 580921 1132 I 59 I 00 I 52 5199 
TYPE PPCD FLOW C P/A LSEL BLEN XLAB XRAB 
31 01 11 .871 1023 tfftftt ttfftf ftftff fftftf 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q WSEL 
SRD FLEN REW K ALPH HO ERR FRI VEL 
SLICE:AS 151~ 3088~ 11826~ ~00 .09 649.76 639~10 3669, 649.76 
8271 255. 42941 6415171 1.00 161 .01 .02 .31 
JII(G) JII(K> KQ XLKO XRKQ OTEL 
.875 1857 91562. 3300. 3449. 649.76 
<<<<<END OF BRIDGE COJIIPUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECOJIIHENDED LIMITS. 
"APRCH1 KRATIO = 2.62 
XSID:CODE SRDL LEN AREA VHD HF EGL CRWS 0 WSEL 
SRD FLEN REW K ALPH HO ERR FRI VEL 
APRCH:XS 392. 3088. 11832~ ~OO .00 649~77 ttttttt 3669. 649~76 
1218. 392. 4294. 1683708. 1.00 .00 .00 .02 131 
138 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLON FOLLON>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
OFBR2:BR 181. 5392. 779. .65 .14 649.08 645,62 4320. 648.43 
542. 181. 5526. 77148. 1.36 .56 .00 .47 5.55 
TYPE PPCD FLOW C PIA LSEL BLEN XLAB XRAB 
3. o. 1. .858 .023 1111111 ****** ****** ****** 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 181. 4294. 32769. .00 .26 649.84 645.62 4320. 649.84 
857. 439. 9579. 773993. 1.00 .50 .oo .01 .13 
lUG) IHK> KQ XLKQ XRKQ OTEl 
.965 .947 41415. 5370. 5551. 649.83 
<<<<<END OF BRIDGE COHPUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECOHHENDED LIHITS, 
1 APRCH• KRATIO = 4.44 
NSPRO FEDERAL HIGHWAY ADHINISTRATION · U. S. BEOLOBICAL SURVEY 
Pl23186 HODEL FOR NATER·SURFACE PROFILE COHPUTATIONS 
HUL TIPLE BRIDBE OPENINB RUN HY7CA,DAT 
CANEY RIVER BRIDGE AT US-75 tt NEW BRIDGE ** CASE 1 
FLOOD FLOW OF 1986 1 50 YRS1 l 100 YRS RECURRENCE INTERVAL 
tit RUN DATE l TIHE: 04·13-89 14:00 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 362. 4294. 32783. .00 .00 649.84 ******* 4320. 649.84 
1218. 362, 9579. 3435364. 1. 00 .00 .00 . 01 .13 
APRCH:XS **'*** 47, 65022. .01 *'*** 649.73 ******* 42800. 649.72 
1218. 111111 9571. 7269541. 1.06 filii .oo .05 .66 
NSPRO 
P123186 
FEDERAL HIGHWAY ADKINISTRATION · U. S. GEOLOGICAL SURVEY 
MODEL FOR NATER·SURFACE PROFILE COMPUTATIONS 
KULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US·75 tt NEN BRIDGE tt CASE 1 
FLOOD FLON OF 1986 , 50 YRS, • 100 YRS RECURRENCE INTERVAL 
ttt RUN DATE & TIKE: 04·13·89 14:00 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
EXIT. : XS ffffff 107. 29836. .06 fffff 648.87 639.74 51400. 648.81 
o. ffffff 7701. 2569815. 1.38 fffff fffffff .18 1.72 
===135 CONVEYANCE RATIO OUTSIDE OF RECO""ENDED LIKITS. 
'FULLY' KRATIO = 1.95 
FULLV:FV 542. 73. 50780. .02 .11 648,99 ******* 51400. 648,97 
542. 542. 9347. 5009138, 1.12 .oo .oo .08 1.01 
<««THE ABOVE RESULTS REFLECT 'NOR"AL" <UNCONSTRICJEDl FLDN»>» 
APRCH:AS 676. 48. 58459. .01 .06 649.04 nutu 51400. 649.03 
1218. 676. 9522. 6144229. 1.08 .oo .oo .06 .88 
<<<<<THE ABOVE RESULTS REFLECT "NORKAL' (UNCONSTRICTEDl FLON>>>>> 
A3 ·-· 6986. 685. 851, 
QS •·· 42132. 4133. 5134. 
BOLEN ··· 58. 3317. 5391. 
BOREN ··• 528. 3432. 5527. 
STAGLT ··- ******** 3068. 4306. 
STASRT ··· 3068. 4306,tttttttt 
AS ·-- 18810. 11219. 28429. 58459. 
KS ··- 2072598.1513788.2733002.6319388. 
CA3 --· 5479. 599. 733. 6811. CDF -·- 2.499 .336 .231 
CJ ·-- • 784 .874 .861 QS ··· 41320. 4699. 5381 • 
CRF ··• 2.311 2.405 2.249 CDF ··· 2.451 .382 .242 
139 
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WSPRO FEDERAL HIGHWAY ADMINISTRATION - U. S. GEOLOGICAL SURVEY 
P123186 "ODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
"ULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 If NEW BRIDGE tt CASE 1 
FLOOD FLOW OF 1986 1 50 YRS, ~ 100 YRS RECURRENCE INTERVAL 
Iff RUN DATE ~ TI"E: 04·13·89 14:00 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
BRDGE:BR 539. 58. 7094. .90 .63 650.10 638.57 41320, 649.20 
542. 539 •. 530. 1045706. 1.70 .30 .oo .35 5.82 
TYPE PPCD FLOW C P/A LSEL BLEN XLAB XRAB 
3. o. 1. .766 .053 flfflff ffffff ffffff ffffff 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 539. 46. 23284. .06 .22 650.57 634.60 41320. 650.51 
1215. 929. 3068. 6942407. 1.15 .25 .oo .12 1.77 
M(G) "CK> KQ XLKQ XRKQ OTEL 
.838 .537 3212053. 44. 535. 650.49 
<<<<<END OF BRIDGE COMPUTATIONS>>>>> 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLON FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
OFBR1:BR 151, 3317. 676. 1.00 .09 649.88 646.57 4699. 648.88 
5.2. 151. 3432. 67306, 1. 33 I 82 I 00 o 58 6o 95 
TYPE PPCD FLOW C P/A LSEL BLEN XLAB XRAB 
3. o. 1. ,867 .022 fffffff lfffif lfffff flffff 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
141 
SLICE: AS 151. 3068. 13318. .oo .11 650.73 639.10 4699. 650.73 
827. 257. 4306. 768830. 1. 00 .73 .01 .02 .35 
IUS> Km KG XLKQ XRKQ OTEL 
.878 .862 105679. 3300. 3449. 650.72 
<<<<<END OF BRIDSE COKPUTATIDNS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECOKHENDED LIHITS. 
"APRCH" KRATID = 2. 62 
XSID:CODE SRDL LEII AREA VHD HF ESL CRIIS a IISEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 392. 3068. 13325. .oo .01 650. 73 fffffft 4699. 650.73 
1218. 392. 4306. 2016204. 1. 00 .00 .00 .02 .35 
liS PRO FEDERAL HIGHWAY ADKINISTRATION · U. S. SEOLOGICAL SURVEY 
P123186 HODEL FOR NATER·SURFACE PROFILE COHPUTATIONS 
HULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIYER BRJDSE AT US·75 tt NEll BRIDSE ** CASE 1 
FLOOD FLON OF 1986 , 50 YRS, & 100 YRS RECURRENCE INTERVAL 
ttt RUN DATE & TIHE: 04·13·89 14:00 
<<<<<RESULTS REFLECTINr THE CONSTRICTED FLOW FOLLON>>>>> 
XSID:CODE SRDL LEN AREA VHD HF ESL CRIIS G IISEL 
SRD FLEN HEN K ALPH HO ERR FRI VEL 
OFBR2:BR 181. 5391. 855. .84 .13 649.84 646.19 5381. 649.00 
542. 181. 5527. 89045. 1. 37 .74 .oo .52 6.29 
TYPE PPCD FLON c PIA LSEL BLEN XLAB XRAB 
3. o. I. .854 .023 fffffff fftfff fftfff fftfff 
XSID:CODE SRDL LEN AREA VHD HF ESL CRIIS G WSEL 
SRD FLEN HEN K ALPH HO ERR FRI VEL 
SLICE:AS 181. 4306. 37045. .oo .25 650.66 646.19 5381. 650.66 
857. 450. 9637. 1013482. 1.00 .58 .00 .01 .15 
lt(6) H<K> KG XLKG XRKG OTEL 
.965 • 948 52248. 5370 • 5551. 650.66 
<<<<<END OF BRIDSE COHPUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECOHHENDED LIKITS. 
"APRCH" KRATIO = 4.13 
142 
XSID:CODE SRDL LEN AREA YHD HF EGL CRIIS 0 NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 362. 4306. 37058. . oo .00 650.67 Hfffff 5381 • 650.67 
1218. 362. 9638. 4189528. 1.00 .oo .oo .01 .15 
APRCH:XS flffff 45. 73365. .01 fffff 650.60 fffffff 51400. 650.59 
1218. ffffff 9633. 8807030. 1.04 fffff 1.56 .05 .70 
STAGLT --- tttttttt 3075. 4297. 
STAGRT --- 3075. 4297.tffffflf 
AS ·-· 23606. 13000, 36759. 73365. 
KS ··· 2887728.1951836.4131354.8970917. 
CA3 ·•· 5436. 586. 731. 6752. 
CJ --- .766 .867 .854 
CDF ··· 2.451 ,382 .242 
CRF ··· 2.303 2.397 2.264 
OS ·•· 41308. 4634. 5457. 
CDF •·· 2.497 I 414 .231 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLDN FOLLDII>>>>> 
XSID:CDDE SRDL LEN AREA VHD HF EGL CRIIS 0 IISEL 
SRD FLEN REII K ALPH HD ERR FRI VEL 
BRDGE:BR 539. 58. 7093. .90 .62 650.09 638.57 41308. 649.20 
542. 539. 530. 1045552. l. 70 .31 .oo .35 5.82 
TYPE PPCD FLDII c PIA LSEL BLEN XLAB XRAB 
3. o. 1. .766 .053 fffffff ffffff ffffff ffffff 
WSPRO 
P123186 
FEDERAL HIGHWAY AD"INISTRATION · U. S. GEOLOGICAL SURVEY 
HODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
HULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDSE AT US-75 ** NEW BRIDGE ** CASE 1 
FLOOD FLOW OF 1986 1 50 YRS, & 100 YRS RECURRENCE INTERVAL 
*** RUN DATE & TIHE: 04-13-89 14:00 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 539. 46. 23338. .06 .21 650.56 634;60 41308. 650.51 
1215. 931. 3075. 7086738. 1.15 .25 .oo .12 1.77 
H<G> H(K) KG XLKQ XRKQ OTEL 
.838 .538 3270128. 44. 535. 650.49 
<<<<<END OF BRIDGE COMPUTATIONS>>>>> 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF ESL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
OFBR1:BR 151. 3317. 676. .97 .09 649.86 646.52 4634. 648.89 
542. 151. 3432. 67332. 1.33 I 79 oOO o57 6.86 
TYPE PPCD FLOW C PIA LSEL BLEN XLAB XRAB 
3. o. 1. .867 .022 1111111 ****** 111111 111111 
XSID:CODE SRDL LEN AREA VHD HF EGL CRWS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 151. 3075. 13090, .00 .10 650.67 639.10 4634. 650.67 
827. 256. 4297. 818181. 1.00 .71 .01 .02 .35 
M<G> H<K> KG XLKQ XRKQ OTEL 
.877 .861 113803. 3300. 3449. 650.66 
<<<<<END OF BRIDGE CO"PUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECO""ENDED LI"ITS. 
"APRCH" KRATIO = 2.42 
143 
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XSID:CODE SRDL LEN AREA VHD HF ESL CRNS a NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH: XS 392. 3075. 13096. .oo .01 650.68 fffffff 4634. 650.67 
1218. 392. 4297. 1976047. 1.00 .oo .oo .02 .35 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF ESL CRNS a NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
OFBR2:BR 181. 5391. 856. .87 .14 649.87 646.22 5457. 649.00 
542. 181. 5527. 89164. 1.37 .76 .oo .52 6.38 
TYPE PPCD FLOW c PIA LSEL BLEN XLAB XRAB 
3. o. 1. .854 
.023 ******* ****** ****** ****** 
WSPRO FEDERAL HIGHWAY AD"INISTRATION · U. S. GEOLOGICAL SURVEY 
P123186 "ODEL FOR WATER-SURFACE PROFILE CDKPUTATIONS 
"ULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 ** NEW BRIDSE ** CASE I 
FLOOD FLOW OF 1986 , 50 YRS, • 100 YRS RECURRENCE INTERVAL 
*** RUN DATE • TIME: 04·13·89 14:00 
XSID:CODE SRDL LEW AREA VHD HF EGL CRWS Q NSEL 
SRD FLEN REW K ALPH HO ERR FRI VEL 
SLICE:AS 181. 4297. 37494. .oo .27 650.73 646.22 5457. 650.73 
857. 451. 9642. 983212. 1.00 .59 -.01 .01 .IS 
"(6) "<K> KG XLKQ XRKQ OTEL 
.965 • 949 50407. 5370 • 5551. 650.73 
<<<<<END OF BRIDGE CO"PUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECOM"ENDED LIMITS. 
"APRCH" KRATIO = 4.34 
XSID:CODE SRDL LEII AREA VHD HF ESL CRNS Q IISEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 362. 4297. 37508. .oo .oo 650.74 ******* 5457. 650.73 
1218. 362. 9642. 4267161. 1.00 .oo .oo .01 .15 
APRCH:XS ffffff 45. 73457. .01 flfff 650.61 ******* 51400. 650.60 
1218. ffffff 9633. 8824604. 1.04 ***** .01 .05 • 70 
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NSPRO FEDERAL HISHWAY ADHINISTRATION · U. S. SEOLOSICAL SURVEY 
P123186 KODEL FOR WATER-SURFACE PROFILE COHPUTATIONS 
HULTIPLE BRIDSE OPENINS RUN HY7CA.DAT 
CANEY RIVER BRIDSE AT US-75 tt NEW BRIDGE tt CASE I 
FLOOD FLOW OF 1986 , 50 YRS, ~ 100 YRS RECURRENCE INTERVAL 
tff RUN DATE & TIHE: 04·13·89 14:00 
XSID:CODE SRDL LEW AREA VHD HF ESL CRIIS a WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
EXIT : XS ffffff 69. 51865. .07 fffff 651.64 646.86 108000. 651.56 
o. ffffff 8648. 5397919. 1.10 fffff fffffff .16 2.08 
===135 CONVEYANCE RATIO OUTSIDE OF RECOHHENDED LIHITS. 
'FULLY' KRATIO = 1. 77 
FULLV:FY 542. 73. 76523. .03 .12 651.76 fttttft 108000. 651.73 
542. 542. 9468. 9545916. 1.03 .oo .oo .09 1.41 
<<<<<THE ABOVE RESULTS REFLECT "NORHAL" (UNCONSTRICTED> FLON>>>>> 
APRCH:AS 676. 43. 85056. .03 .07 651.83 ttftttt 108000, 651.81 
1218. 676. 9718. ******** 1.o3 .oo .oo .o8 1.21 
<<<<<THE ABOVE RESULTS REFLECT 'NORHAL" (UNCONSTRICTED> FLOW>>>>> 
A3 ··· 8304. 1022. 1241. 
as ·•• 84873. 10446. 12681. 
BOLEN ··· 56. 3310. 5386. 
BOREN ··· 539. 3439. 5532, 
STASLT ··· tttttttt 3007. 4318. 
STASRT ··· 3007. 431.8. fftttnt 
AS ··· 26515. 15480, 43061. 85056, 
KS •·· 3495248,2490742.5335229.tfttttff 
CA3 ··· 6310. 880. 1053. 8244, CRF ··· 2.298 2.390 2.270 
CJ -·· • 760 • 861 .849 GS ··· 82452. 11956. 13592 • 
CDF --- 2.545 .440 .249 CDF ··- 2.473 .503 .267 
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WSPRO FEDERAL HIGHWAY ADIUNISTRATION · U. S. GEOLOGICAL SURVEY 
Pl23186 MODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
MULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 tt NEW BRIDGE tt CASE I 
FLOOD FLOW OF 1986 , 50 YRS, • 100 YRS RECURRENCE INTERVAL 
ttt RUN DATE • TIME: 04·13·89 14:00 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF ESL CRNS a NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
BRDGE:BR 539. 56. 8308. 2.75 1.13 654,49 643.92 82452, 651.74 
542. 539. 539, 1338240. 1.79 1.35 -.01 .56 9.92 
TYPE PPCD FLOW C P/A LSEL BLEN XLAB XRAB 
3. o. 1. .747 .052 fffffff ffffff ffffff ffffff 
XSID:CODE SRDL LEN AREA VHD HF E6L CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 539. 36, 36930, ,08 ,33 655,40 643.22 82452. 655.32 
1215. 962. 3007. fffltlff 1.03 .58 -.02 .11 2.23 
K<S> MCK> KQ XLKG XRKQ OTEL 
.834 ,663 4930408. 44. 535. 655.30 
<<<<<END OF BRID6E COMPUTATIONS>>>>> 
<<<<<RESULTS REFLECTINB THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS a NSEL 
SRD FLEN REM K ALPH HO ERR FRI VEL 
OFBR1:BR 151. 3311. 978. 3.32 .15 654.71 650.17 11956. 651.39 
542. 151. 3438. 116199. 1.43 2.81 .00 .93 12.22 
TYPE PPCD FLOW C P/A LSEL BLEN XLAB XRAB 
3. 0. 1. .836 .021 ttttttt tttttt tttttt tttttt 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REM K ALPH HO ERR FRI VEL 
147 
SLICE:AS 151. 3007. 21408. .00 .15 656.33 639.10 11956. 656.33 
827. 260. 4318. 2151347, 1.00 1.48 ,01 .02 .56 
H(S) H(K) KQ XLKQ XRKQ OTEL 
.885 .875 268041. 3300. 3449. 656.32 
<<<<<END OF BRIDGE COHPUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECOH"ENDED LIMITS, 
'APRCH" KRATIO = 1.99 
XSID:CODE SRDL LEN AREA VHD HF ESL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 392. 3007. 21416. .00 .01 656.34 ttttttt 11956. 656.33 
1218. 392. 4318. 4278254. 1.00 .oo .oo .02 .56 
NSPRO FEDERAL HIGHWAY ADHINISTRATION - U, S. GEOLOGICAL SURVEY 
P123186 HODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
MULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 tt NEW BRIDGE tt CASE 1 
FLOOD FLOW OF 1986 1 50 YRS, • 100 YRS RECURRENCE INTERVAL 
tft RUN DATE • Tl"EI 04·13·89 14:00 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>> 
XSID1CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN HEN K ALPH HO ERR FRI VEL 
OFBR2:BR 181. 5386. 1225. 2.77 .13 654.39 649.63 13592. 651.62 
542. 181. 5532. 153716. 1.45 2.51 -.02 .81 11.10 
TYPE PPCD FLOW C PIA LSEL BLEN XLAB XRAB 
3. o. 1. .831 .023 ffffftt tttttf tftfff ffffft 
XSID:CODE SRDL LEN AREA VHD HF ESL CRNS Q WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 181. 4318. 65448. .00 .27 655.81 649,63 13592. 655.81 
857. 487. 10269. 2683195. 1.00 1.15 -.01 .01 .21 
H(6) H(Kl KQ XLKO XRKO OTEL 
.967 .954 122966. 5370. 5551. 655.80 
<<<<<END OF BRIDGE COHPUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECOHHENDED LIHITS. 
'APRCH' KRATIO = 3.75 
148 
XSID:CODE SRDL LEN AREA VHD HF E6L CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 362. 4318. 65463. .oo .oo 655.81 iiflffi 13592. 655.81 
1218. 362. 10270. iiiiiifi 1. 00 .oo .oo .01 .21 
APRCH:XS flffii 36. 122846. • 01 iliff 655.65 ififffi 108000 • 655.64 
1218. iiiifi 10233. ififfiff 1.01 fffif 3.83 .04 .sa 
STAGLT ··· tttttttt 3019. 4303, 
STA6RT ··· 3019. 4303. ffffflif 
AS ··· 38067. 20098. 64680. 122846. 
KS ·•• 6184045.3903777.9875140.ttttttit 
CA3 ··· 6203. 818. 1018. 8039. 
CJ ··- .747 .836 .831 
CDF •·· 2.473 .503 .267 
CRF --- 2.302 2.385 2.274 
OS --· 83161. 11357. 13481. 
CDF ·-- 2.486 .538 .252 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLON FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS a NSEL 
SRD FLEN REN K ALPH HD ERR FRI VEL 
BRD6E:BR 539. 56. 8307. 2.80 1.15 654.53 643.98 83161. 651.73 
542. 539. 539. 1337850. 1.80 1.38 ·.01 .57 10.01 
TYPE PPCD FLON C P/A LSEL BLEN XLAB XRAB 
3. o. 1. .746 .052 fiffffi ifffif iiffff ftftif 
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WSPRO FEDERAL HIGHWAY ADHINISTRATION · U. S. GEOLOGICAL SURVEY 
P123186 HODEL FOR WATER-SURFACE PROFILE CO"PUTATIONS 
HULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 n NEW BRIDGE II CASE 1 
FLOOD FLOW OF 1986 1 50 YRS, • 100 YRS RECURRENCE INTERVAL 
*** RUN DATE & TIHE: 04·13·89 14:00 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 539. 36, 37289. .08 .33 655.46 643.22 83161. 655,38 
1215. 965. 3019. fllflfft 1.03 .59 ·.02 .11 2.23 
H<G> "!K> KG XLKQ XRKQ OTEL 
.835 .666 4978703. 44. 535. 655.36 
<<<<<END OF BRIDGE CO"PUTATIONS>>>>> 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLON FOLLON>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRWS 0 NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
OFBR1:BR 151. 3311. 982, 2.96 .14 654,37 649.91 11357. 651.42 
542. 151. 3438. 116869. 1.42 2.49 .oo .87 11.56 
TYPE PPCD FLOW C PIA LSEL BLEN XLAB XRAB 
3, o. 1. .839 .021 lfllflf ****** ****** ****** 
XSID:CODE SRDL LEN AREA YHD HF EGL CRNS 0 NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 151. 3019. 20338. .00 .13 655.83 639.10 11357. 655.83 
827. 259. 4303. 2141231. 1.00 1.33 .00 .02 .56 
"(6) "<K> KG XLKO XRKQ OTEL 
.883 .873 272781. 3300. 3449. 655.82 
<<<<<END OF BRIDGE COHPUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECOHHENDED LIHITS. 
1 APRCH• KRATIO = 1.86 
XSID:CODE SRDL LEN AREA YHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 392. 3019, 20346. .00 .01 655.84 ******* 11357. 655.83 
1218. 392. 4303. 3984302. 1.00 .oo .oo .02 .56 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLON FOLLON>>>>> 
XSID:CODE SRDL LEN AREA YHD HF EGL CRNS 11 NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
OFBR2:BR 181. 5386. 1226. 2.72 .14 654.35 649.59 13481. 651.63 
542. 181. 5532. 154006. 1.45 2.47 -.02 .so 10.99 
TYPE PPCD FLON C PIA LSEL BLEN XLAB XRAB 
WSPRO 
P123186 
3. o. 1. .831 .023 fffffff ffffff ffffff ffffff 
FEDERAL HIGHNAY ADMINISTRATION - U. S. GEOLOGICAL SURVEY 
HODEL FOR MATER-SURFACE PROFILE CO"PUTATIONS 
"ULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 tt NEN BRIDGE ** CASE 1 
FLOOD FLON OF 1986 , 50 YRS, l 100 YRS RECURRENCE INTERVAL 
111 RUN DATE l TI"E: 04-13-89 14:00 
XSID:COOE SRDl LEN AREA VHD HF EGl CRNS Q WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 181. 4303, 65458. .00 .30 655.77 649.59 13481. 655,77 
857. 488. 10261. 2533872. I. 00 1.13 ·, 02 • 01 • 21 
H<G> H<K> KQ XLKQ XRKQ OTEL 
.967 .954 115807. 5370. 5551. 655.76 
<<<<<END OF BRIDGE COHPUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECO""ENDED LIHITS. 
'APRCH' KRATIO : 3.96 
XSID:CODE SRDL LEN AREA VHD HF ESL CRNS 11 WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 362. 4303. 65473. .00 .00 655.77 ******* 13491. 655.77 
1218. 362. 10262. ffflffff 1.00 .oo .oo .01 .21 
150 
151 
APRCH:XS lftfff 36. 122222. • 01 It Itt 655.59 ******* 108000. 655.58 
1218. ffffff 10219. ******** 1.01 fffft -.06 .05 .88 
STAGLT •·· ******** 3018. 4304. 
STAGRT ··· 3018. 4304. tfffffft 
AS ··· 37868. 20056. 64299. 122222. 
KS ··· 6133142.3885054.9794497.tttttttt 
CA3 -·- 6198. 824. 1020. 8042. 
CJ --- • 746 .839 .831 
CDF --- 2.486 .538 .252 
CRF -·· 2.302 2.385 2.274 
OS --- 83069. 11435, 13496. 
CDF ··- 2.485 .540 .253 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLON FOLLON>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REII K ALPH HO ERR FRI VEL 
BRDGE:BR 539. 56. 8307. 2.79 1.15 654.53 643.98 83069. 651.73 
542. 539. 539. 1337887. 1.80 1.38 -.01 .57 10,00 
TYPE PPCD FLON c PIA LSEL BLEN XLAB XRAB 
3. o. 1. I 746 
.052 ******* ****** ****** ****** 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q IISEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE: AS 539. 36. 37249. .08 .33 655.45 643.22 83069. 655.37 
1215. 965. 3018. ffffffff 1.03 .59 -.02 .11 2.23 
"(6) "(K) KG XLKG XRKQ OTEL 
.835 .666 4973694. 44. 535. 655.35 
<<<<<END OF BRIDGE CO"PUTATIONS>>>>> 
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NSPRO FEDERAL HIGHWAY ADHINISTRATION · U. S. GEOLOGICAL SURVEY 
P123186 HODEL FOR NATER·SURFACE PROFILE COHPUTATIONS 
HULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US·75 It NEN BRIDGE It CASE 1 
FLOOD FLOW OF 1986 1 50 YRS, ~ 100 YRS RECURRENCE INTERVAL 
ttl RUN DATE l TIHE: 04·13·89 14:00 
<<<<<RESULTS REFLECTING THE CONSTRICTED FLON FOLLOW>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRWS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
OFBR1:BR 151, 3311. 982. 3.00 .14 654,41 649,94 11435. 651.41 
542. 151. 3438. 116778. 1.42 2.53 .oo .88 11.65 
TYPE PPCD FLON C P/A LSEL BLEN XLAB XRAB 
3. 0. 1. .838 .021 1111111 tttttt ttltlt tttttt 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
SLICE:AS 151. 3018. 20454. .00 .13 655.89 639.10 11435. 655.89 
827. 259. 4304. 2167666. 1.00 1.34 .oo .02 .56 
H<G> H<K> KQ XLKQ XRKQ OTEL 
.883 .873 275569. 3300. 3449. 655.88 
<<<<<END OF BRIDGE COHPUTATIONS>>>>> 
••=135 CONVEYANCE RATIO OUTSIDE OF RECOHHENDED LIHITS. 
'APRCH' KRATIO = 1.85 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS Q NSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 392. 3018. 20462, .00 .01 655.90 ttttttt 11435. 655,89 
1218. 392. 4304. 4017053. 1.00 .oo .00 .02 .56 
<<<<<RESULTS REFLECTINB THE CONSTRICTED FLON FOLLON>>>>> 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS 
SRD FLEN REN K ALPH HO ERR FRI 
a WSEL 
VEL 
OFBR2:BR 181. 5386. 1226. 2.73 .14 654.35 649.59 13496. 651.63 
542. 181. 5532. 153989. 1.45 2.47 ·.02 .81 11.01 
TYPE PPCD FLOW C PIA LSEL BLEN XLAB XRAB 
3. o. 1. .831 .023 ttttttt ttttft lfffft tttftf 
XSID:CODE SRDL LEN AREA VHD HF EGL CRNS a NSEL 
SRD FLEN REN K ALPH HO ERR · FRI VEL 
SLICE:AS 181. 4304, 65484, .00 .30 655.78 649.59 13496. 655.78 
857. 488. 10263. 2539880. 1.00 1.13 -.02 .01 .21 
"(G) H<K> KQ XLKQ XRKQ OTEL 
.967 .954 116109. 5370. 5551. 655.77 
<<<<<END OF BRIDGE COHPUTATIONS>>>>> 
===135 CONVEYANCE RATIO OUTSIDE OF RECOHHENDED LI"ITS. 
'APRCH' KRATIO = 3,96 
NSPRO FEDERAL HIBHNAY ADMINISTRATION - U. S. GEOLOGICAL SURVEY 
P123186 HODEL FOR WATER-SURFACE PROFILE COMPUTATIONS 
"ULTIPLE BRIDGE OPENING RUN HY7CA.DAT 
CANEY RIVER BRIDGE AT US-75 tt NEW BRIDGE tt CASE 1 
FLOOD FLOW OF 1986 , 50 YRS, ~ 100 YRS RECURRENCE INTERVAL 
ttt RUN DATE ~ TI"E: 04·13·89 14:00 
XSID:CODE SRDL LEN AREA VHD HF ESL CRNS Q WSEL 
SRD FLEN REN K ALPH HO ERR FRI VEL 
APRCH:XS 362. 4304. 65499. .oo .oo 655.78 ffffftf 13496. 655.78 
1218. 362. 10264. ffffffff 1.00 .00 .00 .01 .21 
APRCH:XS fffftf 36. 122301. • 01 fffft 655.60 tttflff 108000 • 655.59 
1218. fffflf 10221. ttttttff 1.01 iliff .01 .05 .88 
ER 
NORHAL END OF WSPRO EXECUTION. 
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APPENDIX B 
PROGRAM RUNS HEC 2 MODEL 
154 




t WATER SURFACE PROFILES f 
t VERSION OF NOVEMBER 1976 f . 
t UPDATED HAY 1984 f 
f IBH·PC·XT VERSION f 
I RUN DATE 04/13/89 TIME 14:19:38 f 
fflffffffffffffflfffffffffffffffffffffffffffffffffffff 
X X XXXXXXX 
X X X X 
X X X X 
xxxxxxx xxxx X 
X X X X 
X X X X 
X X XXXXXXX 
XX XXX XX XXX 
X X X 
X 
XXX XX XX XXX 
X 
X X 
XX XXX XX XXX XX 
ffffflffllfffffffffflffffffffllffflffff 
I U.S. ARMY CORPS OF ENGINEERS f 
I THE HYDROLOGIC ENGINEERING CENTER t 
t 609 SECOND STREET, SUITE D f 
t DAVIS, CALIFORNIA 95616 






HEC2 RELEASE DATED NOV 76 UPDATED HAY 1984 
ERROR CORR - 01,02,03104,05106 
HODIFICATION - 50151 152,53154,55156 
IBH-PC-XT VERSION APRIL 1985 
ffflfffflflfflfflllfflfffffffflfffffllflffffffflll 
c 
T1 CASE STUDY 1 - ALFALFA COUNTY FILE: he2al.DAT 
T2 101 251 50 AND 100 YEARS FLOOD ·SPECIAL BRIDGE II Site 1 II 
T3 TNIN SPRING CREEK EFFECTIVE BRIDGE LENGTH <original file) 
J1 ICHECK INO NINV IDIR STRT HETRIC HVINS Q 
o. 2. o. o. .000880 .oo .o 
J2 NPROF IPLOT PRFVS XSECV XSECH FN ALL DC IBN 
-1.000 .000 .ooo .ooo .000 .000 .000 
J3 VARIABLE CODES FOR SUHHARY PRINTOUT 
o. 
.000 
38.000 1.000 2.000 3.000 8.000 5.000 14.000 15.000 
33.000 .ooo .ooo .000 .ooo .000 .000 .ooo 
NC .060 .100 .055 .000 .500 .000 .000 
OT 4.000 850.000 1300,000 1650.000 2100.000 .000 .ooo 
NH 7.000 .060 400.000 .070 475.000 .060 487.000 
NH 500.000 .060 510.000 .100 600.000 .000 .000 
THIS RUN EXECUTED 04/13/89 14:19:40 
NSEL FQ 
.ooo .ooo 




.ooo .000 .000 
.000 .000 .000 
.050 495.000 .045 ...... 
.000 .000 .000 U1 
-...J 
EXIT -135 
X1 1.000 8.000 475.000 510.000 .ooo .000 .000 .ooo -.119 .ooo 
GR 1260.000 .ooo 1250.500 400.000 1249.000 475,000 1246,000 487.000 1245.500 495.000 
SR 1246.000 500.000 1249.500 510.000 1260.000 600.000 .ooo .ooo .000 .ooo 
DOWNSTREAM BRIDG +45 
X1 2.000 14.000 470.000 515.000 179.000 179.000 179.000 .ooo ,040 .000 
X3 10.000 .ooo .ooo .ooo .000 .ooo .000 1258.000 1258.000 .000 
SR 1260.000 .ooo 1256,000 100.000 1255.400 200.000 1256.500 310.000 1258.000 400.000 
GR 1258.000 470.000 1249.000 475.000 1246.000 487.000 1245.500 495.000 1246.000 500.000 
GR 1249.500 510.000 1258.000 515.000 1258.000 580.000 1260.000 600.000 .000 .ooo 
SB 1.050 1.500 2.600 .000 35.000 .ooo 326.000 2.000 1246.000 1245.500 
UPSTREAM BRIDGE +72 
X1 3.000 14.000 470.000 515.000 27.000 27.000 27.000 .ooo .063 .ooo 
X2 .000 .000 1.000 1254.500 1258.000 .000 .000 .000 .000 .ooo 
X3 10.000 .000 .000 .000 .ooo .000 .000 1258.000 1258.000 .000 
BT 12.000 .000 1260.000 1260.000 100.000 1256.000 1256.000 200.000 1255.400 1255.400 
BT 310.000 1256.500 1256.500 400.000 1258.000 1258.000 470.000 1258.000 1258.000 475.000 
BT 1258.000 1254.500 487.000 1258,000 1254.500 510.000 1258.000 1254.500 515.000 1258.000 
BT 1258.000 580.000 1258.000 1258.000 600,000 1260.000 1260.000 .ooo .000 .ooo 
GR 1260.000 .000 1256.000 100.000 1255.400 200.000 1256.500 310.000 1258,000 400.000 
GR 1258.000 470.000 1249.000 475.000 1246.000 487.000 1245.500 495.000 1246.000 500,000 
GR 1249.500 510.000 1258.000 515.000 1258.000 580.000 1260.000 600.000 .000 .000 
. 
APPROACH + 127 
Xl 4.000 8.000 475.000 510.000 55.000 55.000 55.000 .000 .112 .000 
GR 1260.000 .000 1250.500 400.000 1249.000 475.000 1246.000 487.000 1245.500 495.000 
GR 1246.000 500.000 1249.500 510.000 1260.000 600.000 .000 .ooo .ooo .ooo 




SECNO DEPTH CNSEL CRINS NSELK EG HY Hl OLOSS BANK ELEY Q QLOB QCH QROB ALOB ACH AROB YOL TNA LEFT/RI6HT 
TIHE YLOB YCH VROB XNL XNCH XNR NTN ELHIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPNID ENDST 
tPROF l 
CCHV= .000 CEHV= .500 
1490 NH CARD USED 
tSECNO 1.000 
2096 NSEL NOT SIVEN,AY6 OF HAX,HIN USED 
EXIT ·135 
1.00 7.01 1252.39 .oo .oo 1252.46 .07 .oo .oo 1248.88 
850. 318. 510. 22. 291. 195. 39. o. o. 1249.38 
.oo 1.09 2.61 .58 .068 .052 .100 .000 1245.38 315.57 
.000880 o. o. o. 0 0 5 .oo 220.19 535.76 
0 
tSECNO 2.000 
3495 OVERBANK AREA ASSUMED NON·EFFECTIVE,ELLEA= 1258.00 ELREA= 1258.00 
DONNSTREAH BRIDG +45 
2.00 6.99 1252.53 .00 .oo 1252.81 .28 .25 .10 1258.04 
850. o. 850. o. o. 201. o • 1. 1. 1258.04 
.01 .00 4.22 .oo .068 • 048 .100 .000 1245.54 473.06 
.002442 179. 179. 179. 
' 
0 0 .oo 38,71 511.76 
0 
SPECIAL BRIDSE 
SB XK XKOR COFG RDLEN BNC BNP BAREA ss ELCHU ELCHD 
t. 05 1.50 2.60 .00 35.00 .oo 326.00 2.00 1246.00 1245.50 ..... U1 
1.0 
tSECNO 3.000 
60701 LOW FLOW BY NORHAL BRIDGE 
EGPRS= .000 ESLNC= 1253.226 ELLC= 1254.500 PCWSE• 1252,529 ELTRD= 1258.000 
3370 NORHAL BRIDSE,NRD= 12 HIN ELTRD= 1258.00 HAX ELLC= 1254.50 
3495 OVERBANK AREA ASSUHED NON-EFFECTIYE,ELLEA= 1258.00 ELREA= 1258.00 
UPSTREAH BRIDGE +72 
3.00 7.04 1252.60 .00 .oo 1252.87 .27 .07 .oo 1258.06 
850. o. 850. o. o. 203. o. 2. 1. 1258.06 
.01 .oo 4.19 .00 .068 .048 .100 .ooo 1245.56 473.04 
.002387 27. 27. 27. 2 0 0 .00 38.75 511.79 
0 
SEC NO DEPTH CWSEL CRIWS WSELK ES HY Hl OLOSS BANK ELEY 
0 GLOB OCH OROB ALOB ACH AROB VOL TWA LEFT/RI6HT 
TIHE YLOB VCH YROB XNL XNCH XNR NTH ELHIN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC JCONT CORAR TOPWID ENDST 
tSECNO 4.000 
APPROACH + 127 
4.00 7.27 1252.88 .00 • 00 1252.94 .06 .06 .oo 1249.11 
850. 340. 485. 25. 335. 205. 46. 2. 1 • 1249.61 
.02 1.02 2.37 .54 • 068 ,052 .100 .ooo 1245.61 304.52 
• 000689 55. 55 • 55. 2 0 0 .oo 233.48 538.01 
...... 0 0'1 
0 
llllltttlffllllfflfllllflllllftlllllllfffllfflffff 
HEC2 RELEASE DATED ~OV 76 UPDATED MAY 1984 
ERROR CORR · 01 102 103104105106 
MODIFICATION - 50151 152153,54155,56 
IBM·PC-XT VERSION APRIL 1985 
'''''''''''''''''''''''''*''*''*'''**'''''''''''*' 
THIS RUN EXECUTED 04/13/89 14119:52 
NOTE· ASTERISK (t) AT LEFT OF CROSS·SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST 
TNIN SPRING CREEK 
SUMMARY PRINTOUT 
SECNO CNSEL CRUIS E& DEPTH 10k1S QCH QROB AREA VCH KtCHSl 
1.000 1252.39 .00 1252.46 7.01 8.80 509.62 22.29 525.44 2.61 .oo 
2.000 1252.53 .oo 12~2.81 6.99 24.42 850.00 .oo 201.19 4.22 .88 
3.000 1252.60 .oo 1252.87 7.04 23.87 850.00 .00 202.73 4.19 .88 





HEC2 RELEASE DATED NOV 76 UPDATED HAY 1984 
ERROR CORR - 01 102103104105106 
HODIFICATION - 50151 152153154155156 
IBH-PC·XT VERSION APRIL 1985 
fffffffffffffflffffflffffffllfllfflfllffffflffffff 
T1 CASE STUDY I ALFALFA COUNTY FILE: he2il.DAT 
T2 101 251 50 AND 100 YEARS FLOOD ·SPECIAL BRIDGE ** Site 1 ** 
T3 TNIN SPRING CREEK 451 EFFECTIVE BRIDGE LENGTH (original file) 
J1 ICHECK INO NINV IDIR STRT HETRIC HVINS g 
o. 3. o. o. .000880 .oo .o 
J2 NPROF I PLOT PRFVS XSECV XSECH FN ALL DC IBN 
2.000 .000 .000 .000 .000 .000 .ooo 
o. 
.000 
THIS RUN EXECUTED 04/13/89 14:19:53 
NSEL FO 
.ooo .000 





SECNO DEPTH CIISEL CRIIIS IISELK E6 HV HL OLOSS BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TIIA LEFT/RJSHT 
TIHE VLOB VCH VROB XNL XNCH XNR II TN ELHIN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC JCONT CORAR TOPIIID ENDST 
tPROF 2 
CCHV= .000 CEHV= .500 
1490 NH CARD USED 
tSECNO 1.000 
2096 IISEL NOT 61VEN,AV6 OF HAX,HIN USED 
1.00 7.94 1253.32 .oo .oo 1253.40 .08 .oo .oo 1248.88 
1300. 594. 659. 46. 459. 228. 67. o. o. 1249.38 
.00 1.29 2.89 .70 .067 .053 .100 .ooo 1245.38 276.16 
.000895 o. o. o. 0 0 4 .oo 267.63 543.78 
0 
tSECNO 2.000 
3495 OVERBANK AREA ASSUHED NON·EFFECTIVE,ELLEA= 1258.00 ELREA= 1258,00 
2.00 7.87 1253.41 .00 .oo 1253.88 .47 .28 .20 1258.04 
1300. o. 1300. o • o. 235. o. 2. 1. 1258.04 
.01 • oo 5.52 .oo .067 .048 .100 .ooo 1245.54 472.57 
.003565 179. 179. 179. 2 0 0 .oo 39.70 512.28 
0 
SPECIAL BRIDGE 
SB XK XKOR COFQ RDLEN BIIC BliP BAREA ss ELCHU ELCHD 
1.05 1.50 2.60 .oo 35.00 .oo 326.00 2.00 1246.00 1245.50 ....... m 
w 
tSECNO 3.000 
6070,LON FLON BV NOR"Al BRID&E 
E&PRS= .000 EGLNC= 1254.280 ELLC= 1254.500 PCNSE= 1253.409 ELTRD= 1258.000 
3370 NOR"AL BRIDGE,NRD= 12 "IN ELTRD= 1258.00 "AX ELLC= 1254.50 
3495 OVERBANK AREA ASSU"ED NON·EFFECTIVE,ELLEA= 1258,00 ELREA= 1258.00 
3.00 7.95 1253.52 .oo .oo 1253.98 .46 .09 .oo 1258.06 
1300. o. 1300. o. o. 239. o. 2. 1. 1258.06 
.01 .oo 5.44 .oo .067 .048 .100 .ooo 1245.56 472.52 
.003413 27. 27. 27. 2 0 0 .oo 39.80 512.33 
0 
SECNO DEPTH CNSEL CRINS NSELK EG HV HL OLOSS BANK ELEV 
Q IUOB QCH QROB ALOB ACH AROB VOL TNA LEFT/RIGHT 
TitlE VLOB VCH VROB XNL XNCH XNR NTN EltiiN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC JCONT CORAR TOPNID ENDST 
tSECNO 4.000 
4.00 8.38 1253.99 .oo .00 1254.04 .06 ,07 .oo 1249.11 
1300. 635. 614. 51. 549. 243. 82. 3. 1. 1249.61 
.02 1.16 2.52 .63 .067 .053 .100 .000 1245.61 257.85 






HEC2 RELEASE DATED NOV 76 UPDATED "AY 1984 
ERROR CORR - 01 1 02 103104,05,06 
"ODIFICATION - 50,51,52153154155156 
IB"·PC·XT VERSION APRIL 1985 
ftftffffftffftfffffffffftftffflfffffttfftttttttttl 
T1 CASE STUDY 1 ALFALFA COUNTY FILE: he2al.DAT 
12 101 25, 50 AND 100 YEARS FLOOD -SPECIAL BRIDGE tt Site l n 
T3 TNIN SPRING CREEK 451 EFFECTIVE BRIDGE LENGTH (original file) 
J1 !CHECK INIJ NINV IDIR STRT "ETRIC HYINS Q 
o. 4. o. o. .000880 .oo . o 
J2 NPROF I PLOT PRFVS XSECV XSECH FN ALL DC IBN 
3.000 .ooo .000 .000 .000 .000 .000 
0 • 
.ooo 
THIS RUN EXECUTED 04/13/89 14:19:58 
IISEL FIJ 
.000 .ooo 





SEC NO DEPTH CIISEL CRIIIS IISELK E& HV HL OLOSS BANK ELEV 
Q QLOB QCH OROB ALOB ACH AROB VOL TIIA LEFT/RIGHT 
TIHE VLOB VCH VROB XNL XNCH XNR II TN ELHIN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC ICONT CORAR TOPIIID ENDST 
tPROF 3 
CCHV= .000 CEHV= .500 
1490 NH CARD USED 
tSECNO 1.000 
2096 IISEL NOT 61VEN,AV6 OF HAX,HIN USED 
1.00 8.55 1253.93 .oo .oo 1254.01 .08 .oo .oo 1248.88 
1650. 824. 758. 67. 587. 249. 89. o. o. 1249.38 
.00 1.40 3.04 .76 .067 .053 .100 .000 1245.38 250.69 
.000887 o. o. o. 0 0 4 .00 298.27 548.97 
0 
tSECNO 2.000 
3301 HV CHANSED HORE THAN HVINS 
3495 OVERBANK AREA ASSUHED NON-EFFECTIVE,ELLEA= 1258.00 ELREA= 1258.00 
2.00 8.41 1253.95 .00 .oo 1254.59 .64 .30 .28 1258.04 
1650. o. 1650. o. o. 257. o. 2. 1 • 1258,04 
.01 .oo 6.42 .oo • 067 .048 .100 .ooo 1245.54 472.27 
.004411 179. 179. 179. 2 0 0 .oo 40.32 512.60 
0 
SPECIAL BRIDGE 
SB XK XKOR COFQ ROLEN BIIC BliP BARE A ss ELCHU ELCHO ..... 
I. 05 I. 50 2.60 .oo 35.00 .00 326.00 2.00 1246.00 1245.50 0'\ 0'\ 
tSECNO 3.000 
6070,LON FLON BY NORHAL BRIDGE 
E6PRS= 1254.548 ESLNC= 1254.971 ELLC= 1254.500 PCNSE= 1253.951 ELTRD= 1258.000 
3370 NORHAL BRIDGE,NRD= 12 HIN ELTRD= 1258.00 HAX ELLC= 1254.50 
3495 OVERBANK AREA ASSUHED NON-EFFECTIYE,EllEA= 1258.00 ELREA= 1258.00 
3.00 8.53 1254.09 .oo .oo 1254.71 .62 .12 .oo 1258.06 
1650. o. 1650. o. o. 262. o. 3 • 1. 1258.06 
.01 • oo 6.30 .oo .067 .048 .100 .ooo 1245.56 472.21 
.004178 27. 27. 27. 2 0 0 .oo 40.46 512.66 
0 
SECNO DEPTH CNSEl CHillS NSELK EG HY HL OLOSS BANK ElEY 
Q QlOB DCH QROB ALOB ACH AROB VOL TIIA LEFT/RIGHT 
TIHE VLOB YCH YROB XNL XNCH XNR NTN ELHIN SSTA 
SLOPE XLOBL XLCH XLOBR IT RIAL IDC ICDNT CORAR TOPNID ENDST 
tSECNO 4.000 
3301 HY CHANGED HORE THAN HVINS 
4.00 9.11 1254.72 .oo .00 1254.77 .06 .07 .00 1249.11 
1650. 879. 696. 75. 719. 269. 112. 3. 1. 1249.61 
.02 1. 22 2.59 .67 .066 .053 .100 .000 1245.61 227.08 
• 000584 55 • 55. 55. 2 0 0 .oo 326.69 553.77 
0 1-' m 
-..] 
fffffffflfllfllllllflllflfllltllllllllllllllflffft 
HEC2 RELEASE DATED NOV 76 UPDATED "AY 1984 
ERROR CORR · 01,02103,04105106 
"ODIFICATION - 50151 152,53154,55156 
IB"·PC·XT VERSION APRIL 1985 
tllllfflffllfffllflffflfllflfllffllllflfffllllltll 
T1 CASE STUDY l ALFALFA COUNTY FILE: he2al.DAT 
T2 101 251 50 AND 100 YEARS FLOOD ·SPECIAL BRIDGE 11 Site 1 11 
T3 TNIN SPRING CREEK 45' EFFECTIVE BRIDGE LENGTH (original fi I e) 
J1 ICHECK INQ NJNV IDIR STRT "ETRJC HVJNS g 
o. 5. o. o. .000880 .00 .o 
J2 NPROF I PLOT PRFYS XSECV XSECH FN ALL DC IBN 
15.000 .000 .ooo .000 .ooo .ooo .000 
o. 
.ooo 
THIS RUN EXECUTED 04/13/89 14:20103 
NSEL FQ 
.000 .000 





SEC NO DEPTH CNSEL CRIIIS NSELK EG HV HL OLOSS BANK ELEV Q OLOB OCH OROB ALOB ACH AROB VOL TIIA LEFT/RIGHT 
TIHE VLOB VCH VROB XNL XNCH XNR II TN EL"IN SSTA 
SLOPE XLOBL XLCH XLOBR IT RIAl IDC ICONT CORAR TOPIIID ENDST 
. 
tPROF 4 
CCHV= .000 CEHV= .500 
1490 NH CARD USED 
tSECNO 1.000 
2096 IISEL NOT GIVEN,AVG OF "AX,"IN USED 
1.00 9.20 1254,58 .oo .oo 1254.67 .09 .oo .00 1248.88 
2100. 1130. 874. 96. 742. 272. 116. o • o. 1249.38 
.oo 1.52 3.21 .83 .066 .053 • 100 .000 1245.38 223.27 
.000887 o. o. o. 0 0 3 .oo 331.28 554.55 
0 
tSECNO 2.000 
3301 HV CHANGED HORE THAN HVINS 
3495 OVERBANK AREA ASSUHED NON·EFFECTIVE,ELLEA= 1258.00 ELREA= 1258.00 
2.00 8.97 1254.51 .oo .00 1255.38 .87 .32 .39 1258.04 
2100. o. 2100. o. o. 280. o. 3. 1. 1258.04 
.01 .oo 7.51 .oo .066 .048 .too .ooo 1245.54 471.96 
.005555 179. 179. 179. 2 0 0 .oo 40.96 512.92 
0 
SPECIAL BRIDGE 
SB XK XKOR COFQ RDLEN BIIC BNP BAREA ss ElCHU ELCHD 
..... I. 05 1.50 2.60 .00 35.00 .00 326.00 2.00 1246.00 1245.50 0'1 
U) 
*SECNO 3.000 
6070,LON FLON BY NORMAL BRIDGE 
E6PRS= 1255.475 E6LNC= 1255.742 ELLC= 1254,500 PCNSE= 1254.509 ELTRD= 1258,000 
3370 NOR"AL BRIDGE,NRD= 12 "IN ELTRD: 1258.00 "AX ELLC: 1254.50 
3495 OVERBANK AREA ASSU"ED NON-EFFECTIYE,ELLEA= 1258,00 ELREA= 1258.00 
3.00 9.17 1254.73 .oo .oo 1255.61 .as .22 .oo 1258,06 
2100. o. 2100. o. o. 280. o • 3. 1. 1258.06 
.01 • oo 7.51 .oo .066 .052 .100 .ooo 1245.56 471.85 
• 013860 27 • 27. 27. 2 0 0 -8;25 41.19 513.04 
SECNO DEPTH CNSEL CRINS NSELK E& HY HL OLOSS BANK ELEY 
a QLOB GCH OROB ALOB ACH AROB YOL TNA LEFT/RIGHT 
TI"E YLOB YCH YROB XNL XNCH XNR NTN EL"IN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC ICONT CORAR TOPNID ENDST 
tSECNO 4.000 
3301 HY CHANGED HORE THAN HYINS 
4.00 10.02 1255.63 .oo .oo 1255.69 .05 .08 .oo 1249.11 
2100. 1213. 779. lOB. 964. 301. 155. 4. 1 • 1249.61 
.02 1.26 2.59 .69 • 065 .053 .100 .ooo 1245.61 188.54 





NOTE· ASTERISK (t) AT LEFT OF CROSS-SECTION NUNBER INDICATES HESSAGE IN SUHHARY OF ERRORS LIST 
TNIN SPRING CREEK 
SUHHARY PRINTOUT 
SEC NO CNSEL CHINS ES DEPTH 10KfS QCH QROB AREA VCH KtCHSL 
1.000 1252.39 .oo 1252.46 7.01 s.so 509.62 22.29 525.44 2.61 .00 
1.000 1253.32 .oo 1253.40 7.94 S.95 659.46 46.30 753.74 2.S9 .oo 
1.000 1253.93 .oo 1254.01 S.55 S.S7 758.21 67.46 924.S5 3.04 .oo 
1.000 1254.5S .00 1254.67 9.20 S.S7 S74.06 96.42 1129.S9 3.21 .oo 
2.000 1252.53 .oo 1252.S1 6.99 24.42 S50.00 .oo 201.19 4.22 .ss 
2.000 1253.41 .00 1253.SS 7.87 35.65 1300.00 .00 235.39 5.52 .as 
2.000 1253,95 .oo 1254.59 S.41 44. 1l 1650.00 .oo 257.09 6.42 .ss 
2.000 1254.51 .oo 1255.3S S.97 55.55 2100.00 .00 279.77 7.51 .ss 
3.000 1252.60 .oo 1252.S7 7.04 23.S7 850.00 .oo 202.73 4.19 .ss 
3.000 1253.52 .00 1253.98 7.95 34.13 1300.00 .oo 23S.S2 5.44 .sa 
3.000 1254.09 .oo 1254.71 8.53 41.78 1650.00 .oo 261.81 6.30 .S8 
3,000 1254.73 .oo 1255.61 9.17 13S.60 2100.00 .oo 279.75 7.51 .sa 
4.000 1252.88 .00 1252.94 7.27 6.S9 485.46 24.65 584.94 2.37 .sa 
4.000 1253.99 .00 1254.04 8.38 6.29 613.77 51.31 874.90 2.52 .sa 
4.000 1254.72 .oo 1254.77 9. 1l 5.84 695.97 74.67 1100.09 2.59 .sa 








I MATER SURFACE PROFILES I 
I VERSION OF NOVEHBER 1976 I 
t UPDATED HAY 1984 t 
t IBH-PC-XT VERSION AUGUST 1985 I 
t RUN DATE 04-13-89 TIHE 13:54:31 t 
lllllllfllflfllffflflfllfflffllfffllflllflflllllflllll 
X X XXXXXXX xxxxx 
X X X X X 
X X X X 
xxxxxxx xxxx X 
X X X X 
X X X X X 
X X XXXXXXX XX XXX 
c 
Tl CASE STUDY 2 TULSA COUNTY, OKLAHOHA FILE: HE2PO.DAT 
T2 100 YEARS FLOOD -SPECIAL BRIDGE SITE 2 
T3 POSEY CREEK INDUSTRIAL BYPASS 
Jl !CHECK lNG NINV IDIR STRT HETRIC HVINS 











I U.S. ARHY CORPS OF ENGINEERS t 
t THE HYDROLOGIC ENGINEERING CENTER t 
I 609 SECOND STREET, SUITE D I 
I DAVIS, CALIFORNIA 95616 t 






J2 NPROF IPLOT PRFVS XSEEV XSECH FN ALL DC IBII CHNIH IT RACE 
-1.000 .000 .ooo .000 .ooo .ooo .ooo .ooo .000 .ooo 
J3 VARIABLE CODES FOR SUHHARY PRINTOUT 
38.000 1.000 2.000 3.000 8.000 5.000 14.000 15.000 25.000 26.000 
33.000 57.000 43.000 .ooo ,000 .ooo .000 .000 .000 .000 
NC .050 .050 .070 .300 .500 .000 .ooo .000 .000 .ooo 
or 2.000 8300.000 10900.000 .ooo .000 .ooo .000 .000 .000 .ooo 
EXIT -50 
X1 1.000 37.000 2447.400 2616.900 .ooo .000 .ooo .ooo -.271 .000 
GR 646.200 1000.000 644.500 1052.900 645.600 1066.200 643.500 1082.900 641.800 1146.200 
GR 639.100 1180.900 634.700 1326.800 632.000 1451.200 631.900 1491.800 629.900 1527.300 
GR 627.600 1656.200 625.800 1779.900 623.800 1913.500 620.700 2057.100 617.700 2168.300 
6R 615.400 2308.900 615.400 2389.300 616.500 2447.400 600.800 2468.800 599.700 2483.100 
GR 600.800 2492.900 610.900 2514.400 613.900 2552.100 615.400 2616.900 614.800 2758.300 
6R 614.200 2870.000 613.900 3014.500 614.500 3047.000 614.700 3096.300 615.100 3250.700 
GR 616.900 3415.800 619.000 3601.500 620,500 3674.800 622.000 3707.200 625,900 3859.100 
6R 632.200 4022.200 637.600 4129.100 ,000 .000 .000 .ooo .000 .000 
DOIINSTREAH BRIDG 100 
X1 2.000 29.000 2447.400 2616.900 150.000 150.000 150.000 .ooo .000 .000 
X3 10.000 .000 .000 .000 .000 .000 .000 623.450 623.450 .000 
GR 646.300 1000.000 644.600 1052.900 645.600 1066.000 643.500 1082.000 641.900 1146.200 
GR 639.200 1180.900 634.800 1326,800 632.100 1451.200 632.000 1491.800 630.000 1527.300 
GR 627.700 1656.200 625.900 1779.900 623.900 1913.500 624.500 2393.500 616.600 2447.400 
GR 600.900 2468.800 599.800 2483.000 600.900 2492.900 611.000 2514.400 614.000 2552.100 
GR 615.500 2616.900 614.900 2758.300 614.300 2870.000 624.500 2944.500 624.500 3000.000 
....... GR 625.000 3700.000 624.000 3859.100 632.300 4022.200 637.700 4129.100 .000 .ooo --.1 
"" 
SB 1.050 1.500 2.600 .000 60.000 18.000 2000.000 2.000 601.000 600.000 
UPSTREA" BRIDGE 132 
X1 3.000 29.000 2447.400 2616.900 32.000 32.000 32.000 .000 .174 .000 
X2 .ooo .000 1.000 619.700 623.450 .000 .ooo .ooo .ooo .ooo 
X3 10.000 .000 .ooo .ooo .ooo .000 .000 623.450 623.450 .ooo 
BT 9.000 1779.900 625.900 625.900 1913.500 623.900 623.900 2393.500 624.500 624.500 
BT 2468.000 623.450 619.700 2870.000 623.450 619.700 2944.500 624.500 624.500 3000.000 
BT 624.500 624.500 3700.000 625.000 625.000 3859.100 626.000 626.000 .000 .000 
SR 646.300 1000.000 644.600 1052.900 645.600 1066.000 643.500 1082.000 641.900 1146.200 
SR 639.200 1180.900 634.800 1326.800 632.100 1451.200 632.000 1491.800 630.000 1527.300 
SR 627.700 1656.200 625.900 1779.900 623.900 1913.500 624.500 2393.500 616.600 2447.400 
SR 600.900 2468.800 599.800 2483.000 600.900 2492.900 611.000 2514.400 614.000 2552.100 
SR 615.500 2616.900 614.900 2758.300 614.300 2870.000 624.500 2944.500 624.500 3000.000 
SR 625.000 3700.000 624.000 3859.100 632.300 4022.200 637.700 4129.100 .000 .000 
APPROACH 505 
X1 4.000 37.000 2447.400 2616.900 373.000 373.000 373.000 .000 2.198 .000 
GR 646.300 1000.000 644.600 1052,900 645.600 1066.000 643.500 1082.900 641.900 1146.200 
SR 639.200 1180.000 634.800 1326.800 632.100 1451.200 632.000 14,91.800 630.000 1527.300 
6R 627.700 1656.200 625.900 1779.900 623.900 1913,500 620.800 2057.100 617.300 2168.300 
&R 615.500 2308.900 615.500 2389.300 616.600 2447.400 600.900 2468.800 599.800 2483.100 
&R 600.900 2492.900 611.000 2514.400 614.000 2552.100 615.500 2616.900 614.900 2758.300 
SR 614.300 2870.000 614.000 3014.500 614.600 3047.000 614.800 3096.300 615.200 3250.700 
GR 617.000 3415.800 619.100 3601.500 620.600 3674.800 622.100 3707.200 626.000 3859.100 
GR 632.300 4022.200 637.700 4129.100 .000 .000 .ooo .000 .000 .000 
X1 5.000 .ooo .000 .000 146.000 146.000 146.000 .ooo .792 .000 




SEC NO DEPTH CNSEL CRINS NSELK ES HV HL OLOSS BANK ELEV 
g OLOB OCH OROB ALOB ACH AROB VOL TNA LEFT/RI6HT 
TI"E VLOB VCH VROB XNL XNCH XNR NTN EL"IN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPNID ENDST 
•PROF 1 
CCHV= .300 CEHV= .500 
•SECNO 1.000 
2096 NSEL NOT 6JVEN,AY6 OF "AX,"IN USED 
EXIT -50 
1.00 16.95 616.38 .00 .oo 616.68 .31 .00 .00 616.23 
10900. .fOl. 5699. 4800. 189 • lOBS. 1396. o. o . 615.13 
• oo 2.12 5.24 3.44 .050 .070 .050 .000 599.43 2232.49 
.005404 o. o. o. 0 0 2 .00 1160.38 3392.87 
0 
fSECNO 2.000 
3301 HY CHANSED "ORE THAN HYINS 
3495 OVERBANK AREA ASSUHED NDN-EFFECTIYE,ELLEA= 623.45 ELREA= 623.45 
DONNSTREA" BRJDG 100 
2.00 17.34 617.14 .oo .00 618.53 1.38 1.30 .54 616.60 
10900. o. 10900. o. o. 1155. o. 7. 2. 615.50 
.00 .oo 9.44 .00 .050 .070 .050 .ooo 599.80 2447.40 
.016214 150. 150. 150. 2 0 0 .00 169.50 2616.90 
0 
SPECIAL BRI06E 
SB XK XKOR CDFO ROLEN BNC BNP BARE A ss ElCHU ELCHO ..... 
-.] 
l. 05 I. 50 2.60 .00 60.00 18.00 2000.00 2.00 601.00 600.00 0'1 
tSECNO 3.000 
CLASS A LON FLON 
3420 BRIDGE N.S.= 617.12 BRIDGE VELOCITY=, 8.71 CALCULATED CHANNEL AREA=, 1197. 
EGPRS EGLNC H3 ONEIR OLON BAREA TRAPEZOID ELLC ELTRD 
AREA 
.oo 619.08 .77 o. 10900. 2000, 1485. 619.70 623.45 
3495 OVERBANK AREA ASSUHED NON-EFFECTIVE,ELLEA= 623.45 ELREA= 623.45 
UPSTREAM BRIDGE 132 
3.00 17.94 617.91 .oo .oo 619.08 1.17 .56 .00 616.77 
10900. o. 10900. o. o. 1256. o. 7. 2. 615.67 
.01 .00 8.68 .00 .000 .070 .000 .000 599.97 2447.40 
.012263 32. 32. 32. 0 0 0 .00 169.50 2616.90 
0 
tSECNO 4.000 
3301 HV CHANGED HORE THAN HVINS 
APPROACH 505 
4.00 18.39 620.39 .oo .oo 620.48 .10 1.08 .32 618.80 
10900. 1057. 3853. 5990. 605. 1332. 2606. 32. 9. 617.70 
.05 1.75 2.89 2.30 .050 .070 .050 .000 602.00 2140.04 
• 001259 373 • 373. 373. 4 0 0 .oo 1380.94 3520.98 
0 
tSECNO 5,000 
5.00 17.81 620.60 .oo .oo 620.74 .15 .24 .02 619.59 
10900. 816. 4450. 5634. 429. 1232. 2088. 46. 14. 618.49 
.06 1. 90 3.61 2.70 .050 .070 .050 .000 602.79 2158.78 




PLOTTED POINTS (BY PRIORITYl-E-ENERBY,II-IIATER SURFACE,HNYERT,C-CRITICALII.S,,L·LEFT BANK,R-RIBHT BANK,K-LOIIER END STA 
ELEVATION 595. 600. 605. 610. 615. 620. 625. 630, 635. 640. 
SECNO CUHDIS 
1.00 o. c I. . R LE 
" 20. c I. . . R liE . . . . 
" 40. c I. . R liE . . . . 
" 60. c I. . .R II E . . 
" 80. c I. . . • R LIIE . . 
" 100. c I. . . .R Lll E . . . . 
" 120. c I. . .R Lll E 
" HO. C I . . .R Lli E • . . . 
" 2.00 160. c I .R Lll E , . . 
" 180, C I . . .R L li E • . . 
" 
. 
3.00 200, c I . . .R L II E , . 
" 220. c I . . .RLIIE. . . 
" 
. 
240. c I . . .RLIIE. . . . 
" 
. 
260. c .I . . , R L II E. . . 
" 
. 
280. c .I . . , R L II E. . . 
" 300. c ,I . . , R L II E. . . . 
" 320. c .I . , R L II E, . . .  . 340. c .I . . , R L liE, . . . " . 360. c 
' I . • R L liE. . 
" 380. c , I . . • RL II E . ' . 
"' 400. c , I . R L NE . . . 11 .• 
420. c • I . R L liE . . . " . 440. c • I . R L liE . . . ". 460, c • I . . R L liE . . 
"· 480. c I . . R L E . 
"· 500. c • I . . R L E . . . 
"· 520. c • I R L liE . H • 
540. c I . R L liE . . 
"· 4.00 560. c 
.. 
I . . R L .E . 
" 580. c . I . Rl .E . 
" 600. c . I . . R L .E . . 
" 620. c 
' 
I . . R L .E . . 
" 640. c I . . Rl .E . 
·" 660. c . I . . . R L.E . 
·" 680. c . I . . . R L.E . 
' 
.II 
700, c I . . R L.E . . . 
·" 
. ...... 





HEC2 RElEASE DATED NOV 76 UPDATED HAY 1984 
ERROR CORR · 01 102103104105106 
"ODIFICATION • 50,51,52153,54155156 
IB"·PC·XT VERSION AUGUST 1985 
tltfftlfflflftflftttftttffttfflffftftfffttllltllll 
THIS RUN EXECUTED 04-13·89 
NOTE- ASTERISK (t) AT lEFT OF CROSS-SECTION NUHBER INDICATES HESSAGE IN SUH"ARY OF ERRORS LIST 
POSEV CREEK INDUSTRI 
SUHHARY PRINTOUT 
SECNO CIISEL CRIIIS EG DEPTH 10KtS DCH DROB AREA YCH KtCHSL 
1.000 616.38 .oo 616.68 16.95 54.04 5698.72 4800.19 2673.51 5.24 .oo 
2.000 617.14 .oo 618.53 17.34 162.14 10900.00 .oo 1155.17 9.44 2.48 
3.000 617.91 .oo 619.08 17.94 122.63 10900.00 .oo 1256.10 8.68 5.43 
4.000 620.39 .oo 620.48 18.39 12.59 3852.73 5990.06 4542.91 2.89 5.43 















T1 FLOODNAY ANALYSIS - CASE STUDY I 3NASHIN6TOIIN HE2CA.DAT 
T2 SPECIAL BRIDGE HETHOD RUN I 1 SITE 3 
T3 CANNEY RIVER 50, 100 AND 1986 FLOOD 
Jl ICHECK INO NINV IDIR STRT METRIC HVINS 0 IISEL FO 
o. 2. o. o. .000400 .00 .o o. .ooo .ooo 
J2 NPROF I PLOT PRFVS XSECV XSECH FN ALL DC 1811 CHNIN IT RACE 
1.000 .000 .000 .ooo .000 .ooo .ooo .000 .000 .ooo 
J3 VARIABLE CODES FOR SUNNARY PRINTOUT 
38.000 1.000 2.000 3.000 8.000 5.000 14.000 15.000 25.000 26.000 
33.000 57.000 58.000 .000 .000 .ooo .ooo .000 .ooo .ooo 
J6 IHLEO I COPY 
3.000 .ooo .ooo .ooo .000 .ooo .000 .ooo .000 .000 
NC .048 .048 .060 .300 .500 .ooo .ooo .ooo .ooo .000 
OT 3.000 58316.000 69500.000 108000.000 .000 .ooo .000 .ooo .000 .000 
EXIT 
X1 1.000 16.000 .000 500.000 .000 .000 .ooo .000 .000 .ooo 
6R 670.000 .000 652.000 60.000 650.000 100.000 640.000 160.000 617.000 200,000 
GR 614.000 230.000 617.000 270.000 635.000 290.000 639.000 400.000 651.000 500.000 
GR 645.000 1600.000 644.000 3047.000 644.000 5313.000 650.000 8282.000 660,000 10625.000 
6R 670.000 11250.000 .000 .000 .000 .000 .000 .000 .000 .000 I-' 
co 
I-' 
X1 3.000 18.000 .ooo 540.000 390.000 390.000 390.000 .000 .000 .ooo 
6R 672.990 .000 665.460 70.000 618.000 80.000 617.000 125.000 618.000 170.000 
&R 625.000 190,000 627.000 218.400 637.600 245.000 639.240 395.700 650,000 540,000 
&R 649.230 550.200 642.600 3099.000 639.520 3345.000 640.220 3430.000 643.640 4857.500 
&R 639.820 5457.000 648.230 9315.000 662.000 10765.000 .ooo .000 .000 .000 
X1 4.000 18.000 44.170 556.700 150.000 150.000 150.000 .ooo .ooo .ooo 
&R 672.990 .ooo 668.230 17.300 668.230 44.170 617.250 81.250 618.000 156.000 
6R 635.800 217.000 640.910 477.800 650.000 534.800 660,000 556.700 656.000 3300.000 
&R 642.000 3333.730 642.000 3415.200 656.470 3450.500 660.000 5370.000 642.000 5404.340 
6R 642.000 5513.000 661.000 5550.500 668.000 10765.000 .000 .ooo .000 .ooo 
SB 1.050 1.500 2.600 .000 450.000 21.500 14000.000 1.000 634.000 633.000 
X1 5.000 .000 .ooo ' .000 135.000 135.000 135.000 .ooo .000 .ooo 
X2 .ooo .ooo 1.000 664.000 660.000 .ooo .ooo .ooo .ooo .ooo 
BT 7.000 .000 672.000 668.000 580.000 664.000 660.000 3047.000 660.000 656.000 
BT 3200.000 661.000 657.000 5313.000 665.000 660.000 5478.000 666.000 661.000 12346.000 
BT 670.000 670.000 .000 .000 .ooo .ooo .ooo .000 .000 .ooo 
X1 6,000 18.000 .000 540.000 100.000 100.000 100.000 .ooo .ooo . .ooo 
GR 672.990 .ooo 665.460 70.000 618.000 80.000 617.270 125.000 618.000 170.000 
6R 625.000 190.000 627.000 218.400 637.600 245.000 639.240 395.700 650.000 540.000 
GR 649.230 550.200 642.600 3099,000 639.520 3345.000 640.220 3430.000 643.640 4857.500 
6R 639.820 5457.000 648.230 9315.000 662.000 10765.000 .ooo .ooo .ooo .ooo 
X1 8.000 19.000 16.000 589.000 443.000 443.000 443.000 .ooo .000 .ooo 
GR 671.000 .000 665.700 16.000 638.000 70.000 638.000 200.000 618.000 230.000 
GR 617.370 275.000 618.000 320.000 638.000 350.000 636.170 353.000 638.990 365.000 
SR 639.500 589.000 643.650 626.000 647.900 1491.800 638.900 3381.000 642.540 4810.000 
GR 641.670 5468.000 646.000 9308.000 654.000 9873.000 662.000 11629.000 .ooo .ooo 
EJ .ooo .000 .ooo .ooo .ooo .ooo .ooo .ooo .000 .ooo 1-' 
00 
IV 
SEC NO DEPTH CWSEL CRINS IISELK E6 HY HL OLOSS BANK ELEY 
0 OLOB OCH OROB ALOB ACH AROB VOL Til A LEFT/RIGHT 
TIHE YLOB YCH YROB XNL XNCH XNR NTH ELHIN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC JCONT CORAR TOPIIID ENDST 
tPROF 1 
IHLEO = 3. THEREFORE FRICTION LOSS <HL) IS CALCULATED AS A FUNCTION OF THE 
&EOHETRIC HEAN FRICTION SLOPE. THAT IS, 
. 
HL = WLENt(StSLOPE)tt,5 
IIHERE WLEN = DISCHARGE-IIEI&HTED REACH LEN&TH, S = FRICTION SLOPE AT CURRENT 
CROSS SECTION, SLOPE = FRICTION SLOPE AT PRECEDIN& CROSS SECTION. 
CCHV= .300 CEHV= .500 
tSECNO 1.000 
2096 WSEL NOT &IVEN,AVG OF HAX,HIN USED 
3265 DIVIDED FLOW 
EXIT 
1.00 35.09 649.09 .oo .oo 649.16 .07 .oo .oo 670.00 
58316. o. 16600. 41716. o. 5639. 26121. o. o • 651.00 
.00 .00 2.94 1.60 .048 .060 .048 • 000 614.00 105.46 
.000406 o. o. o. 0 0 10 .oo 7360.35 7831.84 
0 
tSECNO 3.000 
3265 DIVIDED FLOII 
3.00 32.23 649.23 .oo .oo 649.25 .02 .o8 I 01 672.99 
58316. o. 10542. 47774. o. 6926. 46400. 381. 75. 650.00 ..... 
.10 .oo 1.52 1.03 .048 .060 .048 .000 617.00 73.42 00 w 
.000109 390. 390. 390. 1 0 0 .oo 9327.78 9421.43 
tSECNO 4.000 
3265 DIVIDED FLOW 
3301 HV CHANGED "ORE THAN HVINS 
4.00 31.70 648.95 .oo .oo 649.69 .75 .08 .36 668.23 
58316. o. 50323. 7993. o. 7016. 1531. 487. 92. 660.00 
.10 .00 7.17 5.22 .048 .060 .048 .000 617.25 58.20 
• 002407 150. 150. ISO • 2 0 0 .00 720.77 5526.71 
SEC NO DEPTH CNSEL CAINS NSELK EG HV HL OLOSS BANK ELEV 
Q GLOB QCH QROB ALOB ACH AROB VOL TNA LEFT/RISHT 
TI"E VLOB VCH VROB XNL XNCH XNR II TN EL"IN SSTA 
SLOPE XLOBL XLCH XLOBR IT RIAL lDC ICONT CORAR TOPIIID ENDST 
SPECIAL BRIDGE 
SB XK XKOR COFQ ROLEN BIIC BliP BARE A ss ELCHU ELCHO 
1.05 1.50 2.60 .oo 450.00 21.50 14000.00 1.00 634.00 633.00 
tSECNO 5.000 
3265 DIVIDED FLOII 
CLASS A LOll FLOW 
3420 BRIDGE N.S.= 649.34 BRIDGE VELOCITY=, 8.29 CALCULATED CHANNEL AREA=, 6808. 
EGPRS ESLIIC H3 QIIEfR QLOII BAREA TRAPEZOID ELLC ELTRD 
AREA ...... co 
.00 649.75 .07 o. 58316. 14000. 13755. 664.00 660.00 
"'" 
5.00 31.76 649.01 .oo 
58316. o. 50254. 8062. 
.11 .oo 7.13 5.21 
.002369 135. 135. 135. 
0 
tSECNO 6.000 
3265 DIVIDED FtON 
3301 HV CHANGED HORE THAN HYINS 
6.00 32.73 650.00 .00 
58316. o. 9326. 48990. 
.14 .oo 1.28 .92 
• 000075 100 • 100. 100. 
0 
tSECNO 8.000 
8.oo 32.66 650.03 .00 
58316. o. 9520. 48796. 
.28 .oo 1.11 .82 
.000053 443. 443. 443. 
0 
.oo 649.75 .74 
o. 7047. 1548. 
.ooo .060 .048 
0 0 0 
.00 650.01 .02 
o. 7263. 53131. 
.048 .060 .048 
2 0 0 
.oo 650.04 .01 
o. 8541. 59384. 
.048 .060 .048 
2 0 0 
.06 .oo 668.23 
514. 94. 660.00 
.000 617.25 58.15 
.oo 721.82 5526.84 
.04 .22 672.99 
593. 106. 650.00 
.ooo 617.27 73.26 
.oo 9427.55 9500.92 
.03 .00 665.70 
1246. 202. 639.50 
.ooo 617.37 46.55 




PLOTTED POINTS <BY PRIORITY)-E-ENERGY,N-NATER SURFACE,I-INVERT,C-CRITICAL N.S.,L-LEFT BANK,R-RI&HT BANK,H-LONER END STA 
ELEVATION 610. 620. 630. 640. 650. 660. 670. 680. 690. 700. 
SECNO CUKDIS 
1.00 o. c I I . I E.R I L 
50. c I I . I EoR I HL 
100. c I . I I . E.R . K .L 
150. c I . . . EoR I K .L 
200. c I I . . ER I 
" 
I L 
250. c I I 0 0 ER 0 
" 
• L 
300. c I I . 0 ER . 
" 
I L 
350. c I • . . ER 
I " 
• L 
3.00 400. c I I . . ER 
. " • L 450. c I I . I E. R • 
" 
ol 
500. c I • I . NE R • 
" 
L 
4.00 550. c I • . . NE R L • 
600. c I • I . NE R L • 
650. c I • . I NE R L , 
5.00 700, c I I . . NE R L • 
750. c I • . . E R . 
" 
.L 
6.00 800. c I . . 0 E 
. " • L 850. c I • . • RE . " , L 900. c I • . . R E 
. " 
.L 
950. c I , . . R E 
. " ,L 0 . ' 0 1000. c I I . . R E 
. " L 1050. c I • . 0 R E 
. " 
L. 
1100. c I I . • R E 
. " 
L , 0 I . • 
1150. c I o • • R E 
0 " 
L , 
1200. c I o . .R E 
I " 
L . 






Tl FLOODNAY ANALYSIS ·CASE STUDY 13 HE2CA.DAT 
T2 SPECIAL BRID&E "ETHOD RUN I 1 SITE 3 
T3 CANNEY RIVER 501 100 AND 1986 FLOOD 
J1 !CHECK IN& NINV IDIR STRT "ETRIC HVINS g liBEL F& 
o. 3. o. o. .000400 .oo .o o. .ooo .ooo 
J2 NPROF IPLOT PRFVS XSECV XSECH FN ALL DC IBN CHNI" IT RACE 
2.000 .000 .ooo .000 .000 .000 .ooo .ooo .000 .ooo 
SECNO DEPTH CNSEL CHINS NSELK EG HV HL OLOSS BANK ELEV 
9 OLOB QCH &ROB ALOB ACH AROB VOL TNA LEFT/RI&HT 
TI"E VLOB VCH VROB XNL XNCH XNR NTH EL"IN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPNID ENDST 
tPROF 2 
IHLEO = 3. THEREFORE FRICTION LOSS (HL> IS CALCULATED AS A FUNCTION OF THE 
GEO"ETRIC "EAN FRICTION SLOPE. THAT IS, 
HL = NLENt(StSLOPE)tt,5 
NHERE NLEN = DISCHARGE·NEIGHTED REACH LENGTH, S = FRICTION SLOPE AT CURRENT 
CROSS SECTION, SLOPE = FRICTION SLOPE AT PRECEDING CROSS SECTION. 
CCHV= .300 CEHV= .500 
tSECNO 1.000 
2096 NSEL NOT GIVEN,AVG OF "AX,"IN USED 





1.00 35.72 649.72 .oo .oo 649.79 .07 .oo .oo 670.00 
69500. o. 17414. 52086. o. 5880. 30642. o. o. 651.00 
.oo .oo 2.96 1.70 .048 .060 .048 .ooo 614.00 101.69 
.000400 o. o. o. 0 0 11 .oo 7795.48 8142.77 
0 
tSECNO 3.000 
3265 DIVIDED FLON 
3.00 32.86 649.86 .oo .oo 649.88 .02 ,08 .01 672.99 
69500. o. 11358. 58142. o. 7215. 51985. 429. 77. 650.00 
.09 .oo 1.57 1.12 .048 ,060 .048 .000 617.00 73.29 
.000113 390. 390. 390. I 0 0 .oo 9410,62 9487.44 
0 
tSECNO 4,000 
3265 DIVIDED FLOW 
3301 HV CHANGED HORE THAN HVINS 
4.00 32.23 649.48 .oo .00 650.44 .97 .09 .47 668.23 
69500. o. 59332. 10168. o. 7266. 1665 • 546. 94. 660.00 
.10 . oo 8.17 6.11 .048 .060 .048 .000 617.25 57.81 
.003011 150. 150. 150. 2 0 0 .oo 729.10 5527.75 
SECNO DEPTH CNSEL CRINS NSELK EG HV Hl OLOSS BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA LEFT/RIGHT 
TIHE VLOB VCH VROB XNL XNCH XNR NTH EL"IN SSTA 
SLOPE XLOBL XLCH XLOBR IT RIAL IDC ICONT CORAR TOPNID ENDST 
SPECIAL BRIDGE 
SB XK XKOR COFO RDLEN BNC BWP BARE A ss ELCHU ELCHD I-' 
1.05 1.50 2.60 .oo 450.00 21.50 14000.00 1.00 634.00 633.00 CD 
CD 
tSECNO 5.000 
3265 DIVIDED FLON 
CLASS A LON FLON 
3420 BRIDGE N.S.= 649.83 BRIDGE VELOCITY=, 9.57 CALCULATED CHANNEL AREA=, 7032. 
EGPRS EGLNC H3 QNEIR QLON BARE A TRAPEZOID ELLC ELTRD 
AREA 
• oo 650.53 .10 o. 69500. 14000 • 13755. 664.00 660.00 
5,00 32.32 649.57 .oo .oo 650.53 .95 .08 .oo 668.23 
69500. o. 59217. 10283. o. 7312. 1690. 574. 97. 660.00 
.10 .oo 8.10 6.08 .ooo .060 .048 .000 617.25 57.74 
.002943 135. 135. 135. 0 0 0 .oo 730,62 5527.95 
0 
ISECNO 6.000 
3301 HV CHANSED HORE THAN HVINS 
6,00 33.57 650.84 .oo .oo 650.85 .02 .05 .28 672.99 
69500. o. 10012. 59488. o. 7655. 60697. 662. 109. 650.00 
.t3 .00 1.3t .98 .048 .060 .048 .000 617.27 73.08 
.000073 too. tOO. 100. 2 0 0 .oo 9516.31 9589.39 
0 
tSECNO 8.000 
8.00 33.50 650.87 .00 .oo 650.88 .01 .03 .oo 665.70 
69500. o. 10359. 59141. o. 8997. 66969. 1396. 206. 639.50 
.26 .00 1.15 .88 .048 .060 .048 .000 617.37 44.92 
.000053 443. 443. 443. 2 0 0 .oo 9606.86 9651.78 ...... 
00 
\.D 
PROFILE FOR STREAM CANNEY RIVER 50, 100 
PLOTTED POINTS (BY PRIORITY>·E·ENERGY,N·NATER SURFACE,I·INVERT,C-CRITJCAL N.S.,L-LEFT BANK,R-RI6HT BANK,K-LONER END STA 
ELEVATION 610. 620. 630. 640. 650, 660. 670. 680. 690. 700. 
SECNO CUKDIS 
1.00 o. c I I I I ER I L 
50. c I I 0 I ER I KL 
100. c I I I I ER I K .L 
150, c I I I I ER I M .L 
200. c I I . I E I 
" 
I l 
250. c I I I I E I 
" 
I L 
300. c I I I I E I 
" 
I L 
350. c I I I I E 
. " • L 3o00 400. c I • . I E 
. " I L 450. c I • . I E R I 
" 
.L 
500. c I I • . E R • 
" 
L 
4.00 550. c I I I 0 NE R l I 
600o c I o I 0 E R L • 
650o c I o 0 0 NE R L I 
5o00 700. c I o I . NE R L o 
750. c I o 0 . NE R 0 
" 
oL 
6.00 BOO. C I o I I RE 
I " 
I L 
850. c I • I I R.E 
0 " 
• L 
900. c I o . I R oE 
I " 
.L 
950. c I I 0 . R .E 
I " 
,L 
1000. c r • I I R .E 
I " 
L 
1050. c I I I 0 R .E 
I " 
L. 
1100. c I I I • R .E 
I " 
l I 
1150. c I I . I R .E 
0 " 
L I 
1200. c I I . .R .E 
I " 
L I I I I I ..... 
BoOO 1250. C I . . R .E 
. " L 
\0 
0 . 0 . I 0 
T1 FLOODNAY ANALYSIS · CASE STUDY 13 HE2CA.DAT 
T2 SPECIAL BRIDSE HETHOD RUN I 1 SITE 3 
T3 CANNEY RIVER 501 100 AND 1986 FLOOD 
J1 ICHECK INQ NINY IDIR STRT HETRIC HYINS g NSEL F9 
o. 4. o. o. .000400 .oo .o o. .000 .000 
J2 NPROF I PLOT PRFYS XSECY XSECH FN ALL DC IBN CHNIH IT RACE 
15.000 .000 .000 .ooo .000 .000 .000 .000 .000 .000 
SECNO DEPTH CNSEL CRIIIS NSEU E6 HY HL OLOSS BANK ELEY 
g QLOB QCH QROB ALOB ACH AROB YOL TIIA LEFT/RISHT 
TIHE YLOB YCH YROB XNL XNCH XNR II TN ELHIN SSTA 
SLOPE XLOBL XLCH XLOBR I TRIAL IDC ICONT CORAR TOPNID ENDST 
tPROF 3 
IHLEQ = 3. THEREFORE FRICTION LOSS <HL> IS CALCULATED AS A FUNCTION OF THE 
GEOHETRIC HEAN FRICTION SLOPE. THAT IS, 
HL = NLENt<StSLOPE)tt,5 
WHERE NLEN = DISCHARGE·NEIGHTED REACH LENGTH, S = FRICTION SLOPE AT CURRENT 
CROSS SECTION, SLOPE : FRICTION SLOPE AT PRECEDING CROSS SECTION. 
CCHY= .300 CEHY= .500 
tSECNO 1.000 
2096 NSEL NOT GIYEN,AYG OF HAX,HIN USED 

















108000. o . 



















CRIIIS IISELK ES 
QROB ALOB ACH 




OLOSS BANK ELEY 
TIIA LEFT/RIGHT 
ELHIN SSTA 
XLOBR ITRIAL IDC ICONT CORAR TOPIIID ENDST 
ROLEN BNC BliP BARE A ss ELCHU 
.oo 450.00 21.50 14000.00 1.00 634.00 
646.71 .oo 651.48 .08 .oo .oo 670.00 
88476. o. 6565. 43789. o. o. 651.00 
2.02 .048 .060 .048 .ooo 614.00 71.99 
o. 0 34 9 .oo 8538.12 8610.11 
.oo .oo 651.58 .03 .09 .01 672.99 
93585. o. 8003. 67232. 562. 81. 650.00 
1.39 .048 .060 .048 .000 617.00 72.93 
390. 0 0 0 .oo 9592.19 9665.12 
3301 HV CHANGED "ORE THAN HYINS 
4.00 33.49 650.74 .oo .00 652.64 1.90 .13 .94 668.23 
108000. o. 90035. 17965. o. 7870. 1996. 709. 99. 660.00 
.08 .00 11.44 9.00 .048 .060 .048 .000 617.25 56.89 







3265 DIVIDED FLOW 
CLASS A LON FLON 
3420 BRIDGE N.S.= 650.84 BRIDGE VELOCITY=, 13.97 CALCULATED CHANNEL AREA=, 7497. 
EGPRS E6LNC H3 ONEIR GLON BAREA TRAPEZOID ELLC ELTRD 
AREA 
.oo 652.84 .28 o. 108000. 14000. 13755. 664.00 660.00 
5.00 33.77 651.02 .oo .oo 652.84 1.82 .20 .oo 668.23 
108000. o. 89603. 18397. o. 8002. 2069. 740. 101. 660.00 
.08 .oo ll.20 8.89 .ooo ,060 .048 .000 617.25 56.69 
.005081 135. 135, 135, 0 0 0 .oo 749.19 5530.80 
0 
tSECNO 6,000 
3301 HV CHANGED HORE THAN HVINS 
6.00 36.15 653.42 .oo .oo 653.44 .02 .06 .54 672.99 
108000. o. 12162. 95838. o. 8861. 84422. 858. 113. 650.00 
.11 .00 1.37 1.14 .048 .060 .048 .ooo 617.27 72.54 
.000066 100. 100. 100. 2 0 0 .oo 9788.84 9861.38 
0 
tSECNO 8.000 
8.00 36.08 653.45 .oo .oo 653.47 .02 .03 .00 665.70 
108000. o. 12973. 95027. o. 10408. 90605. 1846. 213. 639.50 
.22 .00 1.25 1.05 .048 .060 .048 .000 617.37 39.88 




PLOTTED POINTS (BY PRIORITY>-E-ENERGY,N-NATER SURFACE,I-INVERT,C-CRITICAL N.S.,L-LEFT BANk1R-RI6HT BANK,K-LONER END STA 
ELEVATION 610. 620. 630. 640. 650. 660. 670. 680. 690. 700. 
SECND CUKDIS 
1.00 o. • I . . . C .E • L . . . 
" 50. c I • . • .E . L . . . 
" 100. c I . . . .NE . .L I . • 
" 150. c I . . . .NE . • L . . " . 200. c I . . . RNE . • L . 
" 250. c I . . . RNE . • L 
. " 300. c I . . • R E • • L N 
350. c I . . . R E . H ' L 
3.00 400. c I • . . R E 
. " • L 450. c I • . . .NER . 
" 
.L 
500. c I ' . . .NE R ' 
" 
L 
4.00 550. c I ' . . ,N E R L • 
600. c I ' . . .N E R L • 
650. c I . . . .N E R L • 
5.00 700. c I • . . .N E R L • 
750. c I • . . • NE R . 
" 
• L 
6,00 800. c I ' . . R E 
. " • L 850. c I • . . R. E 
. " ' L 900. c I • . . R • E 
. " .L 950. c I • . . R • E 
. " .L 1000. c I • . . R ' E . " L 1050. c I ' • . R • E . " L. 1100. c I • . ' R ' E 
. " L • 1150. c I • . ' R • E 
. " L • 1200. c I . . .R • E 
. " L . 8.00 1250. c I . . R • E 
. " L . . ~ 1.0 
~ 
NOTE· ASTERISK Ct) AT LEFT OF CROSS-SECTION NU"BER INDICATES HESSAGE IN SUHHARY OF ERRORS LIST 
CANNEY RIVER so, 100 
SUH"ARY PRINTOUT 
SECNO CNSEL CAINS EG DEPTH I OK IS QCH QROB AREA YCH KtCHSL ALPHA KRATIO 
1.000 649.09 .oo 649.16 35.09 4.06 16599.85 41716.15 31759.86 2.94 .oo 1.27 .oo 
1.000 649.72 .oo 649.79 35.72 4.00 17414,38 52085.62 36521.49 2.96 .00 1.20 .oo 
1.000 651.40 646.71 651.48 37.40 3.96 19524.15 88475.85 50353.85 2.97 .oo 1.07 .oo 
3.000 649.23 .oo 649.25 32.23 1.09 10541.67 47774.32 53326.72 1.52 7.69 1.08 1.93 
3.000 649.86 .oo 649.88 32.96 1.13 11357.61 58142.39 59199.63 1. 57 7.69 1.05 1.88 
3.000 651.55 .oo 651.58 34.55 1.30 14415.49 93584.52 75234.25 1.80 7.69 1.02 1.74 
4.000 649.95 .oo 649.69 31.70 24.07 50323.24 7992.77 8547.65 7.17 1.67 1.03 .21 
4.000 649.48 .oo 650.44 32.23 30.11 59331.51 10168.49 8931.36 8.17 1.67 1.03 .19 
4.000 650.74 .oo 652,64 33.49 54.08 90034.70 17965.31 9866.15 11.44 1.67 1.02 .16 
5.000 649.01 .oo 649.75 31.76 23.69 50254.38 8061.62 8595.46 7.13 .oo 1.03 1.01 
5.000 649.57 .oo 650.53 32.32 29.43 59217.11 10282.89 9001,92 8.10 .00 1.03 1.01 
5.000 651.02 .oo 652.84 33.77 50.81 89602.81 18397.18 10071.70 11.20 .00 1.02 1.03 
6.000 650.00 .oo 650.01 32.73 .75 9326.32 48989.69 60393.61 1.29 .20 1.05 5,62 
6.000 650.84 .oo 650.85 33.57 .73 10012.31 59487.69 68351.48 1.31 .20 1.03 6.36 
6.000 653.42 .oo 653.44 36.15 .66 12161.56 95838.44 93283.57 1.37 .20 1.01 8.75 
8.000 650.03 .00 650.04 32.66 .53 9519.94 48796.06 67924.33 1.11 .23 1.04 1.19 
8.000 650.87 .oo 650.88 33.50 .53 10359.45 59140.55 75966.41 1.15 .23 1.03 1.17 
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